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PART I: RESILIENCE IN THE FACE OF INCREASING
PREVALENCE OF CHRONIC CONDITIONS IN YOUTH

Increasing prevalence of chronic conditions among youth

In recent decades, the prevalence of chronic conditions among youth has substantially
increased: nowadays, one in four individuals under the age of twenty-five face one or more
chronic conditions *>. A chronic condition is defined as a clinically established diagnosis
with persistent or recurring symptoms lasting more than three to six months or occurring
more than three times per year, requiring long-term use of medications, treatments, or
supportive devices . Among Dutch youth aged 0-25 years, the five most common chronic
conditions are: asthma (4.6%), anxiety and mood disorders (4.1%), attention deficit
hyperactivity disorder (3.6%), stomach ache/fecal issues (2.8%), and eczema (2.8%) *. Youth
living with a chronic condition often experience physical and psychosocial challenges,
due to symptom distress, demanding therapeutic regimens, periods of hospitalization,
uncertainty about the future, social exclusion, and the inability to fully participate in
school or society 3-7. Moreover, youth with a chronic condition are more likely to experience
depressive symptoms and behavioral problems, compared to their healthy peers #9.
Adolescents, in particular, might be susceptible to these challenges, as adolescence is not
only marked as a time period in which numerous mental health disorders first emerge,
but also as a formative period for neurocognitive and social development -2,

A paradigm shift away from disease-focused towards health-focused research

As the prevalence of chronic conditions is increasing, it is important to rethink how health
and disease are conceptualized. The definition of health adopted by the World Health
organization (WHO) in 1948 and still in use today is that “health is a state of complete
physical, mental and social wellbeing and not merely the absence of disease or infirmity”
3, This definition seems, nowadays, to be outdated and contributes to medicalization: the
requirement for complete health would render most individuals unhealthy most of the
time and would label people with chronic diseases and conditions as chronically ill. This
labeling may diminish the ability to adapt to the evolving physical, emotional, and social
challenges introduced by the chronic condition, thereby undermining people to live their
lives with a sense of fulfillment and wellbeing despite the presence of chronic condition
or disability 4. For these reasons, Huber et al. proposed to change the WHO’s definition of
health to a new dynamic concept, namely “the ability to adapt and self-manage in the face
of social, physical and emotional challenges” 4. This new concept initiated a paradigm
shift away from disease-focused towards health-focused care 4%. Paralleling this shift,
in pediatric healthcare and research, there has been increasing attention to resilience
of youth with a chronic condition. However, rather than painting a consistent pattern of
resilience, research highlights that resilience in adolescents with chronic conditions has
many facets.

8
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The concept of resilience

Yet, what exactly does the term “resilience” encompass? Resilience is a multifaceted
concept that takes on varying forms depending on the scientific discipline in which it
is explored. To illustrate: in material sciences, resilience is commonly defined as the
material’s capability to absorb and store energy . When approached from a biological
perspective, a resilient microbiome has the capacity to restore its original state following
a disruptive event, such as the introduction of antibiotics 7. In medical sciences, physical
resilience is often thought of as “the ability to physically recover or optimize function
in the face of disease or age-related losses” ®. In the field of psychology, resilience is
often referred to as the phenomenon of maintaining or regaining mental health after
or during exposure to an adversity . This thesis focuses on psychological resilience,
referred to as ‘resilience’ throughout. Through the integration of resilience research into
pediatric healthcare, it holds the promise of providing valuable insights for preventing the
deterioration of mental health in youths with chronic conditions and identifying potential
targets for treatment and interventions to enhance mental health.

Over the years, however, resilience researchers have portrayed resilience in various colors
15: some have regarded resilience purely as a trait '2°, others have described it as a complex
combination of multiple factors 222, including various traits, skills, beliefs, and behaviors.
Moreover, resilience is not only conceptualized as a dynamic process *, but also as an
ultimate outcome . These different conceptualizations of resilience have led to a variety
in definitions, study designs, and measurements of resilience, making it challenging to
compare findings of resilience research ». Also within the medical field, these different colors
of resilience have impeded comprehensive analyses and implores us to delve deeper into the
intricate concept of resilience 3*. An overview of resilience definitions and measurement
in the pediatric research field is needed to gain clarity, aiding in recommendations for
adopting a specific definition and using particular measurement tools.

Various adversities in relation to chronic conditions

Given that resilience only emerges during or after the experience of an adversity, it is
logical to conclude that resilience cannot be measured in the absence of such adversity.
Therefore, resilience researchers within the medical field should consider the specific
context and severity of the experienced adversity. In pediatric healthcare, there is a wide
range of adversities related to chronic conditions, including -but not limited to- receiving a
diagnosis of a severe disease, feeling or appearing different from peers due to the condition,
enduring restrictive symptoms like pain or fatigue, or encountering difficulties associated
with treatment. Furthermore, some patients may view even positive opportunities, such as
access to promising new treatments, as adversities, as these opportunities may contradict
their previous identities, habits, or beliefs.

O
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To better understand the various colors of resilience in adolescents with a chronic
condition, this thesis investigates the impact of disease-related challenges on adolescent
mental wellbeing through three distinct studies, each focusing on a specific disease-
related challenge.

1. New challenges for people with cystic fibrosis

Cystic fibrosis (CF) is an autosomal recessive disease caused by defects in the cystic fibrosis
transmembrane conductance regulator (CFTR)-protein. In the Netherlands around 1600
people live with CF . CF is characterized by dysfunction of multiple organs, including
the lungs, pancreas, gastro-intestinal tract, the reproductive system, and sweat glands
26, People with CF experience varying degrees of CF-related symptoms, with pulmonary
manifestations being the most severe and progressive 7?8, Aside from a reduced life
expectancy, individuals with CF also face substantial comorbidities and undergo intensive
treatments ». These factors significantly impact their mental and social wellbeing, daily
functioning, identity and life goals .

The introduction of CFTR modulators, the first of which received approval in 2012, has
marked a new era in the management of CF. They fundamentally altered the perception
of CF from a life-threatening condition to a chronic condition characterized by improved
disease manifestation and expected improved life expectancy 2. Especially the triple
combination of elexacaftor/ tezacaftor/ ivacaftor (ETI), which has been available in the
Netherlands since January 2022 #, significantly improves lung function and reduces
pulmonary exacerbations *»32. Gaining access to ETI therapy is, therefore, considered a
positive and major life event 3. Unexpectedly, several case series reported that a subset
of individuals experienced a decline in their mental health following initiation of ETI
therapy 3473,

Long term longitudinal studies systematically investigating changes in mental health
after initiation of ETI are not available yet. Conducting longitudinal research is important
to gain a clear picture of changes in mental wellbeing after ETI therapy. Moreover, it has
the potential to identify subgroups that experience different changes concerning their
mental wellbeing after ETI therapy.

2. The impact of having asthma on mental wellbeing during adolescence

In 2019, asthma was the most common chronic disease among Dutch youth aged 0-25 years
(4.6%) . The severity of asthma can vary greatly between individuals; for some people,
asthma symptoms may be mild and infrequent, while for others, asthma symptoms can
be severe, having a significant impact on their daily life. Especially during adolescence,
asthma symptoms and disease control is variable over time ** and as mental wellbeing
generally decreases 3%, making it more complex to investigate the impact of having
asthma on mental wellbeing. Unfortunately, much of the current literature on the
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association between asthma and mental wellbeing is cross-sectional in design, limiting
the ability to draw inferences about the effect of asthma on mental wellbeing during
adolescence 40743,

3. The impact of self-reporting having a chronic condition on psychosocial functioning
Population-representative studies revealed that approximately 5% of adolescents aged
11 to 16 years reported having a chronic condition 44 These adolescents reported poorer
outcomes in a wide range of psychosocial wellbeing domains 44 In contrast to the 5%
prevalence of self-reported chronic conditions, based on healthcare records approximately
25% of the youth have been clinically diagnosed with at least one chronic somatic or
psychiatric condition 4. Youth with a physician diagnosed chronic condition generally
report a significantly lower quality of life, are more prone to develop psychosocial
problems, often show delays in achieving psychosocial milestones, and are less likely to
be (financially) independent in young adulthood, compared to their healthy peers 4647, It
remains unknown what the difference is between those who self-report their condition
(‘reporters’), and those who do not (‘non-reporters’), in relationship to their clinical
diagnosis and psychosocial wellbeing.

PART Il: RESILIENCE IN THE FACE OF THE CORONAVIRUS
DISEASE 2019 (COVID-19) PANDEMIC

In late 2019, in the second year of my PhD, a local outbreak of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) occurred in Wuhan and rapidly spread to numerous
countries worldwide 4¢. The WHO declared a Public Health Emergency of International
Concern on January 30, 2020, and officially labeled the outbreak as the Coronavirus
Disease 2019 (COVID-19) pandemic on March 11, 2020 #. Governments, including in the
Netherlands, implemented stringent measures to control the spread of the virus. Due to
lockdown measures, such as school closures, quarantine and social distancing, millions
of people worldwide faced unprecedented periods of social isolation and stress 6. Many
families, and children in particular, were affected in multiple ways; school closures
disrupted the structure of daily life and social interaction for all affected children and
adolescents, and resulted in parents having to juggle homeschooling and work %°. At
that time, numerous experts considered the pandemic and its associated measures as a
significant threat to the mental health of young individuals and therefore underscored the
need for empirical research focusing on the tracking mental wellbeing of youth to evaluate
the effects of the pandemic 554,

Moreover, little was known about the effects of the pandemic on the mental wellbeing of
youth with chronic conditions; a subgroup who faces more challenges and often has a lower
mental wellbeing on average compared to their healthy peers -55. Nonetheless, narrative
insights from child and adolescent clinical practice suggested that due to the lockdown
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measures, certain individuals with a chronic condition and their families experienced a
reduction in and even an improvement in mental wellbeing due to the lockdown measures
56, Researching differences in mental wellbeing between adolescents with and without
chronic conditions could give us insights in who might function more resiliently during
the pandemic.

A bit of context

The ongoing WHISTLER population-birth-cohort ¢, which I coordinated at that
time, had to be stopped due to the pandemic. However, by that point, we had already
collected data on the mental wellbeing of 224 adolescents. We have continued the
assessment of their mental wellbeing through online questionnaires throughout the
first year of the pandemic. This provided the opportunity to respond to the experts’
call and to actually investigate changes in the mental wellbeing of adolescents during
the COVID-19 pandemic compared to before.

Through close collaboration between the WHISTLER cohort and the PROactive cohort
% (which gathers data about psychosocial health of youth with a chronic condition,
based at the Wilhelmina Children’s Hospital), we were able to examine whether
adolescents with or without a chronic condition exhibit greater resilience during the
pandemic.

AIM AND OUTLINE OF THIS THESIS

To better understand the various colors of resilience in adolescents with a chronic
condition and in adolescents during the COVID-19 pandemic, this thesis tracks their
mental wellbeing before, during and/or after facing disease-related adversities. By
gaining a deeper understanding of if and how adolescents adapt to these disease-related
challenges, we can potentially mitigate future mental health problems among adolescents,
especially those with chronic conditions.

The upcoming chapters will strive to address the knowledge gaps raised above.

Chapter 2 presents a scoping review focusing on the definition and measurement of
resilience in youth with chronic conditions, including suggestions for optimizing the
definition and measurement of resilience in future research. Building upon the insights
gained from Chapter 2, Chapter 3 introduces the study protocol for the Resilience Impacted
by Positive Stressful Events (RISE) study, examining if and how mental wellbeing of people
with CF changes after starting ETI therapy. The secondary objectives of the RISE study
include, among others, investigating underlying biological and psychosocial factors
associated with a change in mental wellbeing of people with CF after starting ETI therapy.
Moreover, Chapter 3 describes in detail the study design and statistical methods of the
RISE study. Chapter 4 presents the key findings of the prospective longitudinal RISE study,



GENERAL INTRODUCTION

focusing on the observed changes in mental wellbeing following ETI therapy, including
the identification of subgroups who may be more susceptible to mental health issues and
should therefore be monitored more closely. Transitioning from a rare chronic disease
among adolescents and adults to the most common condition in youth, I assess the impact
of asthma on mental wellbeing and perceived general health during adolescence in Chapter
5.1investigate whether adolescents with asthma experience lower mental wellbeing and
perceived general health compared to their peers without asthma. Chapter 6 focuses
on adolescents with a clinically defined chronic condition and examines differences in
psychosocial wellbeing between adolescents who report having a chronic condition and
those who do not report having a chronic condition.

Chapter 7 investigates changes in adolescent mental wellbeing following the
implementation of lockdown measures, with a specific focus on gender differences and
the association between COVID-19-related stressors and mental wellbeing. Chapter 8
examines the trajectory of adolescent mental wellbeing during the first year of the
pandemic and compares these levels with pre-pandemic data to gain insight into the
timing and extent of the impact on mental wellbeing. Chapter 9 delves into the comparison
of mental wellbeing of adolescents with and without a chronic condition during the COVID-
19 pandemic.

Finally, Chapter 10 includes a layman-blog on the concept of resilience with a case study on
resilience in the COVID-19 pandemic, and Chapter 11 concludes this thesis with a general
discussion, including directions for future research.
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CHAPTER 2

ABSTRACT

More than 25% of all children grow up with a chronic disease. They are at higher risk for
developmental and psychosocial problems. However, children who function resiliently
manage to adapt positively to these challenges. We aim to systematically review how
resilience is defined and measured in children with a chronic disease. A search of PubMed,
Cochrane, Embase and PsycINFO was performed on December 9, 2022, using resilience,
disease and child/adolescent as search terms. Two reviewers independently screened
articles for inclusion according to predefined criteria. Extraction domains included study
characteristics, definition, and instruments assessing resilience outcomes, and resilience
factors. Fifty-five out of 8,766 articles were identified as relevant. In general, resilience was
characterized as positive adaptation to adversity. The included studies assessed resilience
by the outcomes of positive adaptation, or by resilience factors, or both. We categorized the
assessed resilience outcomes into three groups: personal traits, psychosocial functioning,
and disease-related outcomes. Moreover, myriad of resilience factors were measured,
which were grouped into internal resilience factors (cognitive, social, and emotional
competence factors), disease-related factors, and external factors (caregiver factors, social
factors, and contextual factors). Our scoping review provides insight into the definitions
and instruments used to measure resilience in children with a chronic disease. More
knowledge is needed on which resilience factors are related to positive adaptation in
specific illness-related challenges, which underlying mechanisms are responsible for
this positive adaptation, and how these underlying mechanisms interact with one another.
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INTRODUCTION

The diagnosis and treatment of childhood diseases have advanced significantly in recent
decades, which has also led to an improved life expectancy among children with a chronic
disease . Recent studies showed that more than 25% of children and young adults under
the age of twenty-five suffer from a chronic disease, both in the Netherlands as well as in
the USA 23.In light of the increasing prevalence of chronic diseases, Huber (2011) proposed
to change the concept of health from “a state of complete physical, mental and social
well-being” 4 to a new dynamic approach focusing more on disease management than
pathology, namely “the ability to adapt and self-manage in the face of social, physical
and emotional challenges” 5.

It has been shown that children with a chronic disease suffer from more physical as well
as psychosocial challenges due to symptom distress, demanding therapeutic regimens,
periods of hospitalization, uncertainty about the future, social exclusion, and the inability
to fully participate in school or society ¢-8. However, there are large inter-individual
differences and not all children with a similar chronic disease experience (similar)
difficulties: while some children do not adapt or even adapt negatively and develop more
serious problems, many children manage to positively adapt to these challenges. This
phenomenon, positive adaptation within the context of significant adversity by maintaining
or regaining mental health or psychosocial functioning, is often referred to as resilience
912, Different concepts of resilience are described, such as -but not limited to- physical
resilience and psychological resilience. Physical resilience is often thought of as “the
ability to physically recover or optimize function in the face of disease or age-related
losses ” . As clinician-scientists, our research focus is on identifying the factors that
contribute to differences in functioning among children with chronic diseases. Specifically,
we aim to investigate why some children with the same chronic disease are able to adapt
and integrate into society, while others experience difficulties in this regard. Thus, in
this review, our focus is on the psychological aspect of resilience, which we refer to as
‘resilience’ throughout this paper.

In pediatric healthcare, increased awareness of the importance of positive adaptation
to stress has led to an increased focus on resilience research . Resilience is a complex
concept and various resilience frameworks have been developed to clarify the concept *.
As aresult, definitions and instruments used to assess resilience in pediatric healthcare
research vary greatly between studies and might lead to lack of clarity within the field 64.
Some investigators defined and measured resilience as an outcome by assessing outcomes
of positive adaptation to adversity (i.e., disease), for instance, in terms of psychosocial
functioning (e.g., mental wellbeing, QoL, lack of mental health problems, cognitive
abilities) . Others tried to explain why individuals are able to positively adapt and
maintain good mental wellbeing, and therefore focus on the factors that facilitate positive
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adaptation to adversity. These factors are generally referred to as resilience factors 2.
These resilience factors can be roughly divided into internal factors and external factors.
The first group consists of factors that can be related to the child’s biology but also to the
child’s behavior, emotions, and cognition *%. External factors relate to various aspects
of the child’s environment, such as relationships with parents and friends *-2°, but also
contextual factors such educational, and cultural environment ',

The aim of the present review is to provide an overview of definitions and instruments
used to assess resilience in children with a chronic disease. Hereby, we seek to identify
commonalities and differences between these definitions of childhood resilience.
Moreover, we provide an overview of resilience outcomes and resilience factors in the field
of pediatric care. Identifying these outcomes and factors can improve the care of children
with chronic illness by providing insights for interventions and preventive strategies
aimed at adapting best to the challenges posed by chronic illness.

METHODS

Search strategy

A systematic review of the available literature was conducted on December 9, 2022,
according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) Extension for Scoping Reviews 2>. An electronic search of PubMed, Cochrane,
Embase and PsycINFO was performed to identify relevant peer-reviewed articles. The
search terms included resilience, (chronic) disease, and child/adolescent — in combination
with the corresponding Medical Subject Headings (MeSH) terms and synonyms. The
complete search strings were approved by a medical librarian at the University Medical
Centre Utrecht and can be found in Supplement 1. This review is registered in PROSPERO,
the international prospective register of systematic reviews (ID:147023).

Selection criteria

Our pre-defined study selection criteria were the following: (1) pediatric sample; (2)
having a physical chronic disease; (3) with self-reported measurement(s) of resilience;
(4) published in English in a peer-reviewed journal; (5) available in full text. Exclusion
criteria were: (1) articles that mentioned resilience in the text but did not measure
resilience; (2) articles in which resilience was merely defined as ‘not having a disease’;
(3) parental-reported resilience; (4) qualitative research (e.g., interviews); (5) studies
with only a limited number of participants (e.g., case-reports); (6) studies that provide
too little or no details on the quantitative methods and/or results (conference abstracts,
protocols); (7) articles that focused on children with medically unexplained symptoms;
(8) articles that focused on children with psychiatric disorders; (9) articles that used the
exact same study population as previously studied articles (in that case, we retained the
first published article); (10) studies validating a resilience instrument; and (11) articles that
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focused on resilience related to the COVID-19 pandemic of children with a chronic disease
instead of resilience of children with a chronic disease. There was no restriction in terms
of publication date of the included articles.

A pediatric chronic disease was defined as “a condition that occurs between the age of
0-18 years, was diagnosed by a professional based on medical scientific knowledge using
valid methods and instruments, is not (yet) curable and has existed for more than three
months” *.

We only included self-reported measurements of resilience, as children and their parents
or caregivers may experience certain (internal) resilience factors in a different way.
For example, research shows that parents overestimate their children’s optimism and
underestimate their worries 2. When included studies used proxy-reported, or qualitive
instruments (besides self-reported measurements of resilience), we did not present these
in our overviews (Table 1, Figure 2, Supplement 3, Figure 3, and Supplement 4). Some
studies used blood tests to measure metabolic control (as a resilience outcome) next to
self-reported questionnaire methods 247, we also presented the blood test as this test is
a qualitative instrument.

Study selection

Allidentified articles were uploaded in Rayyan QCRI, a web-based tool, in which titles and
abstracts were independently reviewed by two researchers (SvdL, EBvdS). Each researcher
assigned the article to one of three categories: include, exclude or maybe. Articles
with labels ‘include’ and ‘maybe’ were selected for full-text screening. Those articles
were evaluated for eligibility according to the inclusion and exclusion criteria, again
independently by the same two researchers (SvdL, EBvdS). In 85% of all included articles,
the researchers agreed that the articles met the inclusion criteria. In the remaining 15%,
consensus was reached through discussion.

Article review and data extraction

For each article, the following characteristics were extracted: first author, year of
publication, diagnosis, sample size, age of study population, country, study design,
definition of resilience (when provided), and instruments measuring resilience outcomes
and/or resilience factors (see Supplement 2). To further examine the instruments used
by the included articles, the following characteristics of the instruments were extracted:
items, response, and range (Supplement 3 and 4). A risk of bias assessment was not
performed, as the findings of the individual studies were not the primary interest of this
review. The Figure 2 and Figure 3 presented in this study were created using Datylon, a
data visualization software 8.
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RESULTS

Search and baseline characteristics

A total of 8,766 articles were identified through the literature search. After removal of
duplicates, the remaining 8,101 articles were uploaded to Rayyan QCRI #. A total of 362
articles were identified for full text review and evaluated according to the inclusion
criteria. In total, 55 articles were included. The flow diagram is shown in Figure 1.

Articles represented study populations from fourteen different countries, and 25 (45%)
studies were conducted in the USA. The articles were published between 2009-2022,
and encompassed the following chronic diseases: malignancies (n=12), type 1 or type 2
diabetes (n=8), atopic diseases (n=4), nonmalignant neurological diseases (n=5), congenital
heart disease (CHD) (n=4), auto-immune disorders (n=4), nonmalignant hematological
diseases (n=4), Human Immunodeficiency Virus/Acquired Immune Deficiency Syndrome
(n=2), obesity (n=2), otolaryngology problems (n=2) or, other or combination of the
aforementioned (n=8) (see Supplement 2). Table 1 presents a general definition and specific
aspects of resilience summarizing all included definitions. Additionally, Table 1 provides
information on how often resilience was measured as an outcome, as resilience factors,
or as both. Supplement 2 demonstrates the specific characteristics of all included articles.

Definition of resilience in the context of childhood chronic diseases

Various definitions of the concept of resilience were found in the included articles. In
total, 46 (84%) of the articles) provided a definition of resilience. Of all definitions, the
definition provided by Luthar et al. (2000) was cited most frequently (n=6): “Resilience
refers to a dynamic process encompassing positive adaptation within the context of significant
adversity” °. The other definitions (n=40) are presented in Supplement 2. In the presented
definitions, resilience was characterized as emerging in times of stress or emergency
to ensure maintenance of health, psychological and/or social well-being, and was often
considered an adaptation process to a stressor. In total, 15 (27%) articles described
resilience as a personal trait or skill, whereas 11 (20%) articles characterized resilience
as a multi-dimensional concept. The majority of the included articles (n=29, 53%) did not
explicitly mention (or gave no definition at all) whether resilience was seen as a personal
trait or multi-dimensional concept (Table 1).
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Figure 1: PRISMA flow diagram of selection process
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Measurement of resilience in children with a chronic disease

In this scoping review, we analyzed which resilience outcomes (Figure 2, Supplement
3) and which resilience factors (Figure 3, Supplement 4) were measured in the included
articles. To identify the specific topics that were being assessed by each instrument, we
reviewed the corresponding or background articles (for references, see Supplements 3
and 4). The topics were then quantified and categorized, and the resultant distribution
was depicted in Figures 2 and 3. It should be noted that not all articles explicitly reported
the topics that were assessed by an instrument. To offer a comprehensive overview of the
resilience outcomes and factors examined in the literature, we retrieved all themes from
the source file and included them in the figures separately.

In total, 36 (65%) studies measured both a resilience outcome as well as resilience factors,
and statistically tested whether certain resilience factors were significantly associated
with the resilience outcome. For example, Willard et al. (2018) assessed if connectedness
to the social environment (such as connectedness to friends and family) influenced social
functioning in children with brain tumors 3. In this case, the researchers considered
social functioning as a resilience outcome and connectedness as resilience factor. Of the
remaining 19 studies, 12 (22%) measured only one or more resilience outcome, without
assessing resilience factors. For instance, Rosenberg et al. (2014), Lee et al. (2017), and
Rosenberg et al. (2018) conducted a randomized controlled trial (RCT) and assessed
whether the resilience outcome(s) improved after the intervention 45474 Moreira et al.
(2015), Lee et al. (2020), and Zimmerman et al. (2021) compared resilience scores (as an
outcome of resilience) of children with a (specific) chronic disease and a control group
607576, Additionally, Kaewkong et al. (2020) examined whether demographics such as sex
and age were associated with the resilience outcome °°. The remaining 7 (13%) studies
assessed resilience factors only. To illustrate, Whiteley et al. (2019) and Hood et al. (2018)
conducted RCTs with the aim to assess whether their intervention improved certain
resilience factors, such as treatment motivation, of the participants 7.

Resilience outcomes

Amyriad of resilience outcomes has been assessed in the included studies (see Figure 2). For
each instrument, we examined which topic(s) was/were being measured by searching the
corresponding or background articles (for references see Supplement 3). This examination
resulted in three categories: personal traits, psychosocial functioning, and disease-related
outcomes. In total 34 instruments were used: 9 (26,5%) instruments assessed resilience
by means of outcomes related to personal traits 4783191107 9 (26,5%) instruments appraised
resilience by outcomes of psychosocial functioning 4°8-115 13 (38%) instruments consisted
of disease-related outcomes 2537116-124 3 (6%) instruments measured both personal traits
and psychosocial functioning ?5%2¢, and 1 (3%) instrument assessed both personal traits
and disease-related outcomes 3. Examples of personal traits are self-efficacy measured by
the General self-efficacy questionnaire (GFE-10) #7, responsibility measured by the Social-
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Emotional Assets and Resilience Scales (SEARS) ¢, and affect measured by the Positive
and Negative Affect Scale for Children (PANAS-c) . Examples of psychosocial functioning
are quality of life measured by the Pediatric Quality of Life Inventory (PedsQL) 2, (absence
of) internalizing symptoms measured by the Center for Epidemiologic Studies Depression
Scale (CESDS) ", and (absence of) post-traumatic stress disorder symptoms measured
by the UCLA PTSD Reaction Index for DSM-IV (PTSDI) 3. Examples of disease-related
outcomes are disease-related quality of life measured by the disease specific modules
of the PedsQL > and benefit finding in illness measured by the Benefit Finding Scale for
Children (BFSC) 7.

In total, 13 (24% of all included) studies used a resilience instrument to measure positive
adaptation to stress (resilience outcome) by calculating a total resilience score per
participant rather than assessing each topic separately. Examples of the scales used to
derive total resilience scores are the Connor-Davidson resiliency questionnaire (CD-
RISC) 48607477 the Wagnild and Young Resilience Scale (RS) 4349:50525476127 the Healthy Kids
Resilience Assessment Module %, and the Family Resilience Assessment Scale (FRAS-C) ©.

When focusing on the resilience outcomes regarding psychosocial functioning, both
positive and negative outcomes were assessed; concerning the latter, participants were
considered resilient when they reported an absence of mental health problems.

Allincluded instruments were questionnaires, except for the HbAic which is a blood test,
used to assess metabolic control .

Resilience factors

We categorized the resilience factors into ‘internal factors’, ‘disease-related factors’, and
‘external factors’. Internal factors comprised of cognitive, emotional, social competence
factors. External factors comprised of caregiver factors, peer factors, and contextual
factors. Disease-related factors could be both internal and external factors (Figure 3,
Supplement 4).

In total, 66 different instruments were used to measure resilience factors. Overall, 33 (50%)
instruments assessed internal factors, 15 (23%) instruments assessed disease-related
factors, 11 (17%) instruments assessed external factors, and 7 (10%) instruments assessed
a combination of internal, disease-related, or external factors (Supplement 4). Figure 3
shows which resilience factors were measured. With regard to internal factors, examples
of cognitive, social, and emotional competence factors were measured, such as coping
701287132 gocial skills 2110710833 and self- efficacy 1°>134135. Some examples of the disease-
related factors were acceptance of the disease 3937, social support promoting adherence
38139 and disease-related coping *4°142. With regard to external resilience factors, caregiver
factors focused, among others, on family cohesion and connectedness 331437146, peer factors
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focused, among others, on peer relations 404106135147 and contextual factors, focused,
among others, on spiritual, educational, and cultural environment >.

Figure 2: Pie chart illustrating the variety and distribution of resilience outcomes (n = 69) measured by
34 instruments in the included studies (see Supplement 3). The chart presents three main categories:
personal traits, psychosocial functioning, and disease-related outcomes - with slice and category
sizes corresponding to the proportion of total amount of reported resilience outcomes.

Out of all included studies, 10 (18%) employed a resilience instrument as a resilience
factor by calculating a total resilience score per participant, as opposed to measuring
individual domains separately. Examples of the scales used to derive total resilience scores
as resilience factor are the resilience measurement instrument for children with chronic
illness *, the Wagnild and Young Resilience Scale (RS) 45, the Connor-Davidson resiliency
questionnaire (CD-RISC) 4777, Haase Adolescent Resilience in Illness Scale (HARIS) 5, 7Cs
tool ¢¢, The Neil and Dias Resilience Scale 7, Diabetes Strengths and Resilience measure for
adolescents (DSTAR) 3¢, and the Child and Youth Resilience Measure (CYRM-28) 7.
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Figure 3: Pie chart illustrating the heterogeneity of resilience factors (n=155) assessed by 66 instru-
ments from the included studies (see Supplement 4). The chart shows three overarching categories:
internal, external and disease-related factors. Internal factors encompassed of cognitive, emotional,
social competence factors. External factors were further classified into caregiver factors, peer factors,
and contextual factors. Slice as well as category size indicate the proportion of the total amount of
reported resilience factors.

DISCUSSION

The aim of this scoping review was to provide an overview of definitions and instruments
used to assess resilience in children with a chronic disease. In total, 55 articles were
included. Resilience was often conceptualized as a dynamic concept that signals a positive
adaptive response to stress or adversity. The included studies either assessed resilience by
the outcomes of positive adaptation, or by resilience factors. Most studies (65%), however,
measured both resilience outcomes and resilience factors simultaneously, and examined
whether resilience factors were associated with an resilience outcome. We categorized the
assessed resilience outcomes into three groups: personal traits, psychosocial functioning,
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and disease-related outcomes. Moreover, myriad of resilience factors were measured,
which were grouped into internal resilience factors (cognitive, social, and emotional
competence factors), disease-related factors, and external factors (caregiver factors,
social factors, and contextual factors). Disease-related factors could be both internal and
external factors.

Even though resilience has been a topic of interest in scientific research since the 1970s, the
articles that met our inclusion criteria were relatively recent (2009-2022) *48. We did not add
restriction in terms of publication date as exclusion criteria in the search. The relatively
recent publication dates of the included articles suggest that resilience has recently gained
more (scientific) attention in pediatric healthcare research.

Although we observed many commonalities between the used definitions, this review
identified that one cannot simply compare ‘resilience’ in one paper with ‘resilience’ in
other papers. Therefore, just as the new agreement on the concept of health, a global
definition and agreement on terminology of resilience would be helpful in crossing the
boundaries between medical research and other relevant disciplines to enhance our
understanding of general, trans-diagnostic, and disease-specific aspects of resilience
factors and outcomes. By differentiating between factors and outcomes, and between
internal, disease-related factors, and external factors, this scoping review makes a
first attempt to reach a consensus on the conceptualization of resilience. The resilience
definition of Luthar et al. (2000) was cited most frequently by the articles included in this
review: “Resilience refers to a dynamic process encompassing positive adaptation within the
context of significant adversity” °. In our opinion, however, it would be helpful to employ a
definition that also identifies (one) measurable outcome(s) of positive adaptation.

Various resilience outcomes have been measured by the included studies. Resilience
outcomes reflected positive adaptation to stress, which was measured, for example, by
pediatric QoL, child competence, and (lack of) mental health problems. Although resilience
is defined as a positive adaptation to stress, many mental health instruments measured
(the absence of) negative outcomes, such as emotional and behavioral problems 343900,
anxiety and depressive symptoms 5, loneliness %3, or posttraumatic stress symptoms 3.
Children were identified as being resilient when they did not experience these symptoms
or problems. Measuring a resilience outcome as the absence of negative outcomes
introduces several challenges, leading one to question whether positive adaptation to
a stressor should be measured as such. First, there are limitations to assessing binary
outcomes. By examining continuous scores, we can advance our understanding of, for
instance, clinical and sub-threshold problems. Both clinical and sub-threshold problems
can be debilitating in the everyday life of children with a chronic disease. Therefore,
focusing on absence versus presence of certain disorders is not an ideal resilience outcome.
Secondly, we might be careful using the absence of negative outcomes, because not having
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adisorder/symptom/problem does not necessarily imply that one has a good mental health.
To illustrate, the definition of wellbeing is: life satisfaction, the presence of positive
affect and the absence of negative affect. The presence of positive affect does not mean
that negative affect is absent or vice versa. Positive and negative affect are—although
negatively correlated—partly independent dimensions of wellbeing 4952, How could
researchers measure resilience outcomes in a positive manner and which outcomes can be
used to do so? In recent decades, the outlook on health has shifted from an approach merely
focusing on (the absence of) physical health to a more dynamic and all-encompassing
concept assessing various dimensions of well-being and psychosocial functioning: the
ability to adapt and self-manage in the face of social, physical and emotional challenges
5. In total, six dimensions have been described that influence adaption: bodily functions,
mental functions and perceptions, spiritual dimension, quality of life, social and societal
participation, and daily functioning 3. All dimensions, except bodily functions, might
be used as positive resilience outcomes regarding psychosocial functioning and positive
mental health. When measuring only improvement or adaptation of bodily functions, one
focuses on physical resilience 3. Although we selected articles focusing on psychological
resilience, some of the included studies combined physical and psychological resilience
2527, As an example, Jaser et al. explored how the use of specific coping strategies
impacts resilience (defined as quality of life, competence, and metabolic control) among
adolescents with Type 1 diabetes . To do so, they incorporated both psychological and
physical resilience outcomes, conceptualizing that physical and psychological resilience
are intertwined.

Most of the internal and external resilience factors, measured in the current scoping
review, have also been reported in other (systematic) reviews focusing on resilience factors
associated with different adversities, such as childhood maltreatment, war, and poverty
720154 Noteworthy, in the current scoping review many disease-related factors were
also identified as resilience factors. These factors might be new targets for psychosocial
interventions to improve children’s positive adjustment to their chronic disease. Moreover,
in previous literature, multiple levels of the environment are described *5: proximal
levels, which include the child’s direct relationships, such as relationships with parents
and friends **2°, and more distal levels such as characteristics of the neighborhood or
culture of society 5. When focusing on the external factors measured by the studies in
this review, most of these factors were related to proximal levels of the environment and
included the child’s relationships with caregivers (caregiver factors) and with peers (peer
factors). Although some factors seemed to be more distal, such as expectations at school
or connectedness with the neighborhood 5%¢ (contextual factors), all factors focused on
the child’s perception of the school or neighborhood. This is the result of including only
self-reported instruments in this review. Although the more distal factors, such as cultural
norms or the effect of time on the adversity, are not easily measured with questionnaires,
these elements could be very important for positive adaptation to a chronic disease. For
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instance, the organizational culture of hospitals may have an impact on the shared ways
of thinking, feeling, and behaving of doctors, which might influence prevailing views
on patient needs and therefore the openness of doctors to their patients’ input 7. Huber
showed that adult patients’ views on health are much broader than that of doctors:
patients give equal importance to bodily functions as QoL, spirituality, and mental state,
while doctors focus predominantly on bodily functions *3. When medical professionals
are used to invite (paediatric) patients to express their feelings and experiences not
only about their bodily functions, but also about other important aspects of their lives
(e.g., friendships, and mental wellbeing), adaptation to their disease might be enhanced.
Furthermore, positive adaptation to a chronic disease may change or develop over time,
and therefore, researchers might consider when and over which time frame resilience
should be measured. Disease severity and the frequency of relapses or exacerbations might
be taken into consideration too, as these aspects of a chronic disease could play a role in
the adaptation process. Finally, many leading resilience researchers acknowledge that
not only internal factors and external factors facilitate resilience, but also emphasize the
importance of interaction between the child and their environment 121690158,

Several strengths of our review deserve mentioning. First, we conducted a broad
literature search across multiple electronic databases. This resulted in a diverse sample
of articles, half of which were published in the last decade, representing many different
chronic diseases in various countries across the world. Furthermore, this search offered
a comprehensive overview of definitions, and how resilience is measured: as an outcome
of positive adaptation to a stressor, as resilience factor(s), or both. Moreover, our scoping
review a first attempt to reach a consensus on the conceptualization of resilience by
categorizing resilience measurements by between factors and outcomes. Some limitations
need to be mentioned. Our inclusion criteria involved resilience, (chronic) disease, and
children — in combination with the corresponding MESH terms. We did not add terms
that describe the functions of resilience such as ‘buffering’ or ‘adaptation’ to the search
string. This might have resulted in missing potentially relevant articles. Additionally,
some articles identified by the used search terms described they researched resilience,
but lacked information on how resilience was operationalized. These articles were also not
included in this review. We hope that our review will stimulate future investigations that
include research describing the functions of resilience. Furthermore, as we chose to only
include self-report measurements, we implicitly excluded studies with children younger
than six years old, as well as the parental perspective on resilience. Research indicates that
children are able to report on their health-related quality of life from the age of 5 years
159, and most resilience questionnaires are deemed appropriate for self-reporting from
the age of 8 years %01 (see Supplement 2, indicating the age of the populations studied).

It was beyond the scope of this review to evaluate whether the resilience factors were
actually (significantly) associated with the resilience outcome. Therefore, we are
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unable to conclude whether these factors contribute to positive adaptation to stress.
Notwithstanding, this provides several interesting avenues for further research. First,
the biological mechanisms underpinning resilience factors. In this systemic review, we
did not report on the working mechanism of a resilience factor and therefore we were
unable to answer why the identified resilience factors facilitated positive adaptation
to disease-related challenges in children with a chronic disease. Multiple mechanisms
explaining resilience in the face of childhood adversity have been described, involving
biomedical processes at the genetic, inflammation and brain level, and involving processes
in external levels 12163, Future research in pediatric healthcare could examine if these
mechanisms also explain positive adaptation of disease-related challenges. Furthermore,
it is acknowledged that positive adaptation to stress is not facilitated by one resilience
factor only, but rather is an interplay between multiple factors. Therefore, insight into
how these underlying mechanisms across internal and external levels interact would also
enhance our understanding of resilience in children with a chronic disease. Furthermore,
it should be further elucidated whether underlying mechanisms differ across different
diseases. A second aspect is disease-specific associations. As chronic diseases vary in
terms of predictability, treatment regimen, side effects, life-expectancy, disability, and
impact on daily functioning, it is conceivable that resilience factors have a different
contribution to positive adaptation in different disease-related challenges. For instance,
self-efficacy of treatment management and self-esteem were identified in this review
as internal factors that contribute to resilience. However it is possible that the degree to
which these factors facilitate positive adaptation differs per disease. To illustrate: when
looking at resilience in pediatric cancer patients more emphasis may be on decreased
self-esteem due to changes in physical appearance, whereas self-efficacy of treatment
management might be less challenged as cancer treatment is typically administered in
hospital settings. To gain more insight into which factors are related to positive adaptation
to specific disease-related challenges, it might be useful to use instruments that include
questions on disease-specific challenges. Lastly, a third aspect revolves around disease
severity. Several articles acknowledged that having a chronic disease or experiencing
symptoms of the disease is a stressor, however, the severity of the disease was not often
taken into account in the analyses. Van Harmelen et al. showed that taking the severity
of the stressor into taking is of importance while researching resilient functioning ¢4
They quantified resilient functioning as the degree to which the child shows better or
worse psychosocial functioning than expected, given their experienced adversity. The
researchers define psychosocial functioning as an outcome of positive adaptation to
adversity. They identified the resilience factors ‘parent support’ and ‘friendships’ that
were significantly more present in children that functioned better than expected given
their experienced stress, than children who functioned worse than expected given their
experienced stress ¥.
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In short, our scoping review on resilience in children with a chronic disease provides
insight into the variety of definitions and the multidimensionality of resilience outcomes
and resilience factors in pediatric healthcare research. Research may profit from a shared
definition that facilitates comparability and enhances our understanding of resilience in
the pediatric healthcare field. Moreover, future research might focus on which resilience
factors are related to positive adaptation in specific disease-related challenges, which
underlying mechanisms are responsible for this positive adaptation, and how these
underlying mechanisms interact with one another. These insights could be used to develop
new psychosocial interventions to stimulate resilience of children with a chronic disease.
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SUPPLEMENT 1:

Search strings (search performed on December 9, 2022)

PubMed (items = 1531):

(“Chronic Disease”[MeSH] OR “disease”[MeSH] OR “disease*”[tiab] OR “illness*”[tiab]
OR “condition*”[tiab] OR “sickness*”[tiab] OR “disorder*”[tiab]) AND (“child”[MeSH]
OR “adolescent”[MeSH] OR “child*”[tiab] OR “adolescen*”[tiab] OR “minor*”[tiab] OR
“Juvenile*”[tiab] OR “kid*”[tiab] OR “young*”[tiab] OR pediatricsIMESH] OR pediatri*
[tiab] OR paediatri*[tiab] OR boy[tiab] OR boys[tiab] OR girl[tiab] OR girls[tiab] OR
schoolchild*[tiab] OR school child*[tiab] ] OR youth[tiab] OR youths[tiab] OR teen[tiab] OR
teens(tiab] OR teenager(tiab]) AND (“Resilience, Psychological”[MeSH] OR “resilien*”[tiab])

Embase (items = 1388):

(‘chronic disease’/exp OR ‘diseases’/exp OR disease*.ti,ab,kw OR illness*.ti,ab,kw OR
condition*.ti,ab,kw OR sickness*.ti,ab,kw OR disorder*.ti,ab,kw) AND (‘child’/exp OR
‘adolescent’/exp OR adolescen*.ti,ab,kw OR minor*.ti,ab,kw OR juvenile*.ti,ab,kw OR kid*.
ti,ab,kw OR young*.ti,ab,kw OR pediatri*.ti,ab,kw OR paediatri*.ti,ab,kw OR boy.ti,ab,kw OR
boys.ti,ab,kw OR girl.ti,ab,kw OR girls.ti,ab,kw OR schoolchild*.ti,ab,kw OR child*.ti,ab,kw
OR youth.ti,ab,kw OR youths.ti,ab,kw OR teen.ti,ab,kw OR teens.ti,ab,kw OR teenager.
ti,ab,kw) AND (‘psychological resilience’/exp OR resilien*.ti,ab,kw)

PsycINFO (items = 4397):

(exp Chronic Illness/ or disease.mp. or (disease* or illness* or condition* or sickness*
or disorder¥*).ti,ab.) and (child.mp. or adolescent.mp. or (child* or adolescen* or minor*
or juvenile* or kid* or young* or pediatric* or paediatri* or boy or boys or girl or girls or
schoolchild or youth or youths or teen or teens or teenager).ti,ab.) and (exp “Resilience
(Psychological)”/ or resilien*.ti,ab.)

Cochrane (items = 1450):

((MeSH descriptor: [Chronic Disease] explode all trees) OR (MeSH descriptor: [Disease]
explode all trees) OR ((disease*):ti,ab,kw OR (illness*):ti,ab,kw OR (condition*):ti,ab,kw
OR (sickness*):ti,ab,kw OR (disorder*):ti,ab,kw)) AND ((MeSH descriptor: [Child] explode
all trees) OR (MeSH descriptor: [Adolescent] explode all trees) OR ((child*):ti,ab,kw OR
(adolescen*):ti,ab,kw OR (minor*):ti,ab,kw OR (young*):ti,ab,kw OR (kid*):ti,ab,kw)) AND
((MeSH descriptor: [Resilience, Psychological] explode all trees) OR ((resilien*):ti,ab,kw))
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CHAPTER 3

ABSTRACT

Introduction

For people with cystic fibrosis (pwCF), gaining access to elexacaftor/tezacaftor/ivacaftor
(ETI) therapy, a new modulator drug combination, is perceived as a positive life event. ETI
leads to a strong improvement of disease symptoms. However, some pwCF experience a
deterioration in mental well-being after starting ETI therapy. The primary objective of
this study is to investigate if and in which direction mental well-being of pwCF, defined as
quality of life (QoL), changes after starting ETI therapy. Our secondary objectives include,
among others, investigation of underlying biological and psychosocial factors associated
with a change in QoL of pwCF after starting ETI therapy.

Methods and analysis

The Resilience Impacted by positive Stressful Events (RISE) study is a single arm,
observational, prospective longitudinal cohort. It has a timeframe of 60 weeks: 12 weeks
before, 12 weeks after, 24 weeks after, and 48 weeks after start ETI therapy. The primary
outcome is the mental well-being, measured on each of these four time points. Patients are
eligible when aged 12 years or older, qualifying for ETI therapy based on their CF-mutation,
and being a patient in the University Medical Center Utrecht. Data will be analyzed using
a covariance pattern model with a general variance covariance matrix.

Ethics

The RISE study was classified by the Institutional Review Board as exempt from the
Medical Research Involving Human Subjects Act. Informed consent was obtained by
both the child (12 to 16 years) and their caregivers or only provided by the participants
themselves when aged 16 years and older.
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INTRODUCTION

Cystic Fibrosis (CF) is a common autosomal recessive disease manifested by dysfunction
of multiple organs, including the lungs, pancreas, gastro-intestinal tract, the male
reproductive system, and sweat glands *. CF is caused by defects in the cystic fibrosis
transmembrane conductance regulator (CETR)-protein, resulting in impaired water and
salt transport through epithelial cell membranes *. People with CF (pwCF) have varying
severity of CF-related symptoms and many different CFTR mutations and phenotypes
are described > Nevertheless, pulmonary manifestations are usually most severe and
progressive 3. In addition to a shortened life expectancy, pwCF also have significant
comorbidities and high impact treatments 4 The combination of these factors affects
their daily functioning, identity and life goals 4. Additionally, regarding mental and social
health, a systematic review revealed that youth with CF experience a sense of vulnerability,
loss of independence and opportunities, and disempowerment 4. New therapies (CFTR
modulators in particular), however, decreased CF- related disease expression and have
greatly improved the life expectancy of pwCF. These new therapies changed CF from a life
threatening disease into a chronic disease with a normal life expectancy »3577.

From January 2022, the newest CFTR-modulator combination elexacaftor/tezacaftor/
ivacaftor (ETI) is available to pwCF aged 12 years and older in the Netherlands 8. ETI is
a modulator drug combination that impacts the CFTR protein resulting in improvement
of the CFTR chloride and bicarbonate channel function 9. ETI is a very effective drug
combination that leads to a strong reduction of disease expression and severity 9.
Therefore getting access to ETI is considered to be a positive, major life event and seen as
a game changer for pwCF . Nonetheless, several articles report a deterioration in mental
health, primarily expressed as increased symptoms of anxiety and/or depression after
starting a CFTR-modulator 3. Moreover, when specifically focused on ETT , a minority
of the patients also experienced a deterioration in mental health after starting ETI 4.
Multiple mechanisms, which might co-exist, on why mental health might worsen after
starting these novel CFTR modulators are described, including: 1) the psychological effect
of starting a potentially life-changing drug; 2) direct effects of CFTR modulators on the
functioning of the central nervous system (CNS); 3) interaction of the CFTR modulator
with psychotropic medication; and/or 4) no direct relationship with the CFTR modulator,
but the change in mental health is provoked by typical triggers of depression and anxiety
such as stress, pain, and inflammation 2141718,

There have been no longitudinal studies focusing on a possible change in mental well-being
after starting with ETI therapy. Additionally, as significant improvements of CF-related
symptoms are often experienced, some patients might feel resistance to discontinue their
ETI therapy and consequently, under-report side effects regarding their mental health
119, By multiple measurements of mental well-being, we aim to gain a better picture of
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the incidence of deterioration of mental health. Furthermore, by incorporating multiple
variables of mental well-being, we might be able to epidemiologically analyze potential
associations between the severity of mental health problems and CFTR modulators
and draw conclusions on how mental well-being changes after starting ETI therapy
216 Therefore, we will assess inter-individual differences in mental well-being both
before and after gaining access to ETI therapy. Although we are aware that in addition to
psychological effects of starting a CFTR modulator, all mechanisms might concomitantly
affect mental well-being of pwCF. In this manuscript, we will mainly focus on mechanism
1 (the psychological effect of starting a potentially life-changing drug). We hypothesize
that most of the pwCF manage to positively adapt to the renewed life-possibilities, while
some do not adapt or even adapt negatively and develop more serious problems concerning
their mental health.

It is important to understand why pwCF respond differently to ETI therapy, especially
to grasp why one person is able to adapt positively and function resiliently, and another
is not. The phenomenon, positive adaptation within the context of a significant stressor by
maintaining or regaining mental health, is often referred to as resilience >°->2, Many factors
on biological, psychosocial, and environmental levels facilitating positive adaptation
to adversity have been described: these factors are generally referred to as resilience or
protective factors >4, Factors can involve the individual’s biology (e.g., brain structure
or genes) %, one’s behavior, emotions, and cognition *-?7, one’s environment such as
relationships with family and friends 2%-3°, and one’s attitude towards religion »»*331. In
this study we will take illness perception (including acceptance), illness identity, and
the personal competence to handle stress into account (e.g. the ability to bounce back).
Resilience factors could give insight in the mechanisms behind change in mental well-
being after gaining access to ETI therapy and might allow physicians and other caregivers
to identify resilient functioning pwCF but also potentially vulnerable pwCF at an earlier
stage. Through support and interventions, healthcare professionals, family members,
caregivers, significant others, and pwCF themselves could promote resilience potentially
resulting in better mental well-being taking ETI therapy or equivalent medication.

Objectives

The primary objective of the ‘Resilience Impacted by positive Stressful Events for people
with cystic fibrosis’ (RISE) study is to investigate if and in which direction mental well-
being of pwCF changes after initiation of ETI therapy.

Our exploratory secondary objectives include investigating which underlying resilience
factors are associated with the change in mental well-being of pwCF after starting ETI
therapy. Moreover, we also investigate change of other indicators of mental well-being,
such as anxiety and depressive symptoms, after initiation of ETI therapy.
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METHODS AND ANALYSIS

Study design

RISE is a single-arm, observational, prospective longitudinal cohort study which follows
people with CF aged =12 years over a time frame of 60 weeks. A control arm was not
considered ethically feasible, as in general ETI therapy has been demonstrated to be a
very effective drug combination that leads to a strong reduction of disease expression and
severity ¢ The primary outcome is measured at each of the four time points.

Eligibility and recruitment

Inclusion criteria for the RISE study are 1) people with CF aged >12 years, 2) who qualify
for ETI therapy based on their CF-mutation (homozygous for the F508del-mutation or
heterozygous with a F508del-mutation and any other mutation), and 3) are patients at
the University Medical Center Utrecht (UMCU)/Wilhelmina Children’s Hospital (Utrecht,
the Netherlands). Potential participants are excluded if they are not able to read and
understand Dutch and/or when their medical condition is perceived as unfit for ETI
therapy, evaluated by the treating physician.

The listing and invitation of eligible patients from the UMCU for the medical introduction
consults is done by the secretariat of the Pediatric Pulmonology Department, Wilhelmina
Children’s Hospital and Cystic Fibrosis Centre of the UMCU. Patients are informed through
an invitation letter regarding the start of ETI therapy and the RISE study by their treating
physician. A few weeks after sending the patient information letters, patients (and, when
aged <16 years, their parents) are contacted by phone, in order to answer questions if
necessary and to ask for verbal informed consent for participation in the study. If patients
need more time to decide, another appointment is planned. When a patient consents
verbally to participate in the study, an appointment is scheduled for the regular medical
consultation and the additional study act (completing questionnaires) for the RISE study
at baseline (T0). Patients who do not want to participate in the RISE study are still invited
for the medical consultation at To, but do not complete the RISE questionnaires. These
patients receive a different package of questionnaires. These questionnaires are conducted
and used in the context of medical care.

Time schedule

Over 60 weeks, at four time points, we collected data. The first time point was before the
participants started ETI. We call this moment baseline (T0). We then collected data at
12 weeks (T1), 24 weeks (T2) and 48 weeks (T3) after starting ETI. Questionnaires were
sent at all four time points (T0, T1, T2 and T3). At To and T2, participants attended medical
consultations (Table 1).
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Table 1: Timing of measurements

12 weeks 12 weeks 2/ weeks 4.8 weeks
before start after start after start after start
Timing To T1 T2 T3
Type of Medical Questionnaires Medical Questionnaires
measurement consultation RISE consultation RISE
Questionnaires Questionnaires

Procedure

Both before starting ETI therapy (T0) and after using ETI therapy (T2), all participants
are invited to the UMCU for a medical consultation. All measurements are performed
by physicians and experienced research nurses. During this medical consultation we
measure lung function, nutrition status, sweat chloride concentration and faecal elastase.
Moreover, information about CF-related comorbidities (CF-related diabetes and CF-
related liver disease), colonisation with Pseudomonas aeruginosa, intravenous antibiotics
and maintenance therapy, including psychotropic drugs, is collected from the electronic
patient file.

At every time point (T0—T4), participants are asked to complete the RISE questionnaires.
The questionnaires are sent via Castor, an e-clinical data management platform, and
participants receive a personalized and secure link to the questionnaires (www.castoredc.
com).

Because participants are already in the UMCU for a medical consultation at To and T2,
they complete the questionnaires at the hospital at these time points. At T1 and T3, the
participants complete the questionnaires at any place of their choice. Completing the
research questionnaires will take participants ~20 min. Completing all questionnaires,
including those conducted in the context of medical care, will take participants ~1 h. Table
2 shows which questionnaires are conducted for RISE and which questionnaires are
conducted in the context of medical consultation.
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CHAPTER 3

Data collection and statistical methods

Data are collected simultaneously in two ways. First, in the context of research we ask the
participants to complete questionnaires. Moreover, multiple biological measurements
and questionnaires are already incorporated into the medical consultation, and due to
overall UMCU CF patient consent based on the Central Cystic Fibrosis Research (CCFR)
cohort 16/668, we will be able to use this information. All questionnaires are completed
by the participants themselves and are thus self-reported. Additionally, all selected RISE
questionnaires are related to our study aims. The questionnaires used in the context of
medical care will be used for the exploratory secondary objectives. The overview of used
instruments in both research and the medical consultation is shown in Table 2.

Measurements in context of research

In the RISE study, we only use questionnaires with validated concepts and (sub)scales
that will enable us to compare the outcomes to other studies with participants from
population cohorts or people with other diseases. The measurement of mental wellbeing
is primarily based on the outcome of the Pediatric Quality of Life Inventory 4.0. (PedsQL)
versions for adolescents and adults. This questionnaire is frequently used and has validated
versions for children, adolescents and adults 48. The PedsQL 4.0 generic core scales consists
of four scales: physical functioning (eight items), emotional functioning (five items),
social functioning (five items) and school/study/work functioning (five items). Three
standardised summary scores can be calculated from these four core scales: a total quality-
of-life score, a physical health summary score (based on the physical functioning items)
and a psychosocial health summary score (a combination of emotional, social and school/
study/work items). Current research shows that the outcome measures of the PedsQL
psychosocial health dimension correspond with mental wellbeing#. This dimension is our
primary outcome. We define significant change in mental well-being as minimal clinically
important difference of 4.4 points after starting ETI therapy .

Additionally, we assess illness identity with the Illness Identity Questionnaire (IIQ) 4,
illness perception with the Brief Illness Perception Questionnaire (B-IPQ) 3*, and emotional
and behavior problems with the Brief Strengths and Difficulties Questionnaire (SDQ) 5
(see Table 2).

Measurements in the context of medical care

During the medical consultation, we measure nutrition status with body mass index in
kgm=, clinical sweat chloride with chloride concentration in mmol'L*and lung function
in forced expiratory volume in 1s (FEV)), FEV, % predicted and forced vital capacity.
Moreover, from the electronic patient file we extract information about CF-related
diabetes, CF-related liver disease, colonization with P. aeruginosa, maintenance therapy
and i.v. antibiotics in the year prior to To of the RISE study.
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Additionally, a number of questionnaires are conducted in the context of medical care.
These questionnaires are: Cantril Ladder 5%, Brief Multidimensional Life Satisfaction Scale
53 (BMLSS), Generalized Anxiety Disorder-7 (GAD-7) 54, Cystic Fibrosis Questionnaire
Revised (CFQ-R) %, Revised Child Anxiety and Depression Scale (RCADS) %6, Patient Health
Questionnaire-9 (PHQ-9) 7, the Perceived Stress Scale (PSS) 58, the Brief Resilience Scale
(BRS) 34, and the Gastro-Intestinal module of the PedsQL * (Table 2).

Most of the questionnaires used in the RISE study are not CF-specific, as we aimed for a
holistic and broad interpretation of the concept of mental health. If a questionnaire is not
validated in people with CF, we believe it may still be appropriate for this study because
we are also examining disease-nonspecific concepts. In the supplementary material, we
specify whether the questionnaire is validated in general and validated in Dutch, has
been validated in people with CF, and/or has been used previously in people with CF.
Moreover, we have included an explanation of why we chose to include the questionnaire
in the RISE study. We did not perform a systematic review, and therefore this overview
is not complete, e.g. when a questionnaire was used often, we did not present all studies.
In summary, all questionnaires are validated, almost all questionnaires are validated in
Dutch, and some questionnaires are validated in people with CF.

Statistical analysis of results

Descriptive baseline characteristics of the cohort will be presented as n (%), mean+sd or
median (interquartile range). Psychosocial health summary score (PedsQL) scores,
measured on the four visits, will be treated as continuous and analysed using a covariance
pattern model with a general (i.e. unrestricted) variance covariance matrix. The test of
primary interest is the likelihood-ratio test (a=0.05) comparing the model with a fixed
effect of “visit” (included in the model as a discrete variable) against the intercept-only
model, thus testing the null hypothesis of equality of the four visit-specific means. For a
more detailed assessment of the results, regression coefficient estimates and visit-specific
estimated marginal means will be provided along with 95% confidence intervals.

The study data will also be used for more exploratory secondary analyses. Secondary
analyses include 1) subgroup comparisons for the primary outcome variable; for instance,
analysis will be stratified on age groups: adolescents aged 12—24 years and adults aged
>25 years; 2) in accordance with the analysis of the primary outcome variable, we will
also analyze the secondary variables as an outcome variable; 3) an assessment of pairwise
correlations between all primary and secondary outcome variables (per visit); and 4)
evaluation/description of subjects who experience a decline in primary outcome variable
at one of the post-baseline visits.
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o1

d



CHAPTER 3

Sample size considerations

A priori, it was conservatively estimated that, in this rare-disease setting, ~100 subjects
would be eligible and willing to participate in this observational study. With n=100, the
expected width of the confidence interval around a sample mean will be roughly equal to
0.4 times the standard deviation in the population. In this respect, i.e. in terms of precision,
a sample size of 100 is considered adequate for the purpose of this study. However, to
also obtain an approximation of the power of the primary analysis, simulations were
performed. In the simulations, data were drawn from a multivariate normal distribution
with correlations following a spatial-power correlation function. A range of setting was
explored, varying 1) the correlation between the repeated measurements (ranging from
very “pessimistic” to very “optimistic”); 2) the visit(s) on which the mean would differ
from the other visits; and 3) the size of the difference. Overall, the results indicate that,
with n=100, it is very plausible to assume that the power will be sufficient (i.e. close to or
exceeding 0.80) to detect a difference of 0.4 times the population standard deviation at any
or all post-baseline visits, which is considered satisfactory for the purpose of this study.
With very high test—retest correlations, the power will also be sufficient for differences
of 03 or even 0.2 times the standard deviation.

Handling missing data

Missing data are expected to be rare, given the intertwined nature of care and research.
For this reason, a complete case analysis is considered appropriate. We will report the
number and percentage of missed visits (e.g. due to dropouts), as well as the total number
and percentage of data rows to be removed for each analysis. Additionally, also the reason
for dropout and/or missingness will be noted. Analyses that require a substantial portion
(>10%) of the data rows to be removed due to missing data will be reanalyzed using multiple
imputation.

Patient and public involvement

We have been awarded a grant for this research: Corno Fonds Onderzoek Subsidie 2022 by
the Dutch Cystic Fibrosis Society. Both people with CF and scientists individually reviewed
and assessed the research plan and provided feedback on the work. It was scored on
scientific properties (from goal to feasibility) and relevance to people with CF. We believe
this feedback strengthened our research plan.

Ethics

The RISE study was classified by the institutional review board as exempt from the Medical
Research Involving Human Subjects Act (code METC: 21/626). This study was and will be
performed in line with the principles of the Declaration of Helsinki. Informed consent was
provided by both the children (aged 12—16 years) and their parent(s)/representative(s), or
only provided by the participants themselves when aged >16 years, and comprised the use
of data from the questionnaires for research and to extract data from the electronic patient
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records for those patients that provided their consent for this extraction in the CCFR study.
The CCFR study was also classified as exempt from the Medical Research Involving Human
Subjects Act (code METC 16/668). We ensured that all participants were aware that their
participation was voluntary and that they could withdraw at any time. When a patient
decides not to participate in the RISE study, the patient will under no circumstances be
excluded from receiving the drug combination ETI and will still be invited for the medical
consultation at To and T2.

The time burden associated with participation in the RISE study is minimal. There are no
additional study visits beyond regular CF care visits. Each quarter during the first year of
ETI use, the study population will be asked to complete questionnaires digitally. We see
no risks associated with participation in this study.

Data management

Handling and storage of data and documents

The RISE study has a data management plan, supported by a data manager of the UMCU. In
short, all data of included participants will be handled confidentially. All participants will
have a unique RISE study number, which is not based on the patient initials nor birthdate.
Decoding can only be done by the investigator. All collected data will be kept in a secured
database in the UMCU, only accessible for the researcher or a person who is authorized
by the researcher.

Data sharing
De-identified participant data and the data dictionary can be provided by the corresponding
author upon reasonable request, with a signed data access agreement.

Dissemination of results

The results of the RISE study will be disseminated through 1) publications in scientific
peer-reviewed journals; 2) presentations on relevant scientific conferences and meetings,
such as the European Cystic Fibrosis Society and the North American Cystic Fibrosis
Conference; and 3) publications and presentations for the general public and through the
Dutch Cystic Fibrosis Society.

CURRENT STATUS

The RISE study started in September 2021 and data collection of To was completed
in January 2022. From January 2022 onwards, ETI therapy became available in the
Netherlands. All participants completed the baseline measurements at To before they
started with ETI therapy. Our aim was to measure all participants 12 weeks before starting
with ETI. To have a 12-week gap between T0 and T1 for all participants was practically
impossible. As a result, not all participants had a 12-week gap between their baseline
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measurement at To and the follow-up measurement at T1. Nonetheless, all participants
have baseline measurements before start with ETT and all were measured at T1 ~12 weeks
after start of ETI therapy.

In total, 177 participants signed the RISE study informed consent forms; 174 (98%), 146
(85%), 141 (80%) and 142 (80%) participants completed the questionnaires at To, T1, T2
and T3, respectively (Figure 1). Not all questionnaires were 100% completed.

We are aware that we have included more participants than our sample size indicated.
Inclusion was easier than anticipated, and because there were minimal risks or efforts for
the participants, we decided not to stop inclusion upon reaching the minimum number
of subjects.

Adults Adolescents Total
(=25 years) (12-24 years)
RISE In context of RISE In context of RISE In context of
medical care# medical caref | 'medical caref
. N b | ¥
Signed informed e =03 =177
consent |
T0 n=g3 n=16 n=01 n=9 Completed n=25
n=174
el n=T1 Not n=75 | Not Completed Not
| Completed applicable | applicable | n=146 applicable
| questionnaires! =
2 =73 n=13 n=68 n=15 Complete n=28
n=141
Not Not Completed Not
=73 =69
& " applicable " applicable n=142 applicable

Figure 1: Follow-up chart (2 May 2023). RISE: Resilience Impacted by Positive Stressful Events study;
To: 12 weeks before starting elexacaftor/tezacaftor/ivacaftor (ETI); T1: 12 weeks after starting ETI;
T2: 24 weeks after starting ETT; T3: 48 weeks after starting ETI. *: questionnaires used in medical care
with Central Cystic Fibrosis Research consent; these questionnaires will only be used for exploratory
secondary objectives; ™: not all questionnaires have been 100% completed.

DISCUSSION

No longitudinal studies focusing on a possible change in mental wellbeing after starting
ETI therapy compared to mental wellbeing before starting ETI therapy have been
conducted. Most patients experience significant physical improvements in their CF-related
symptoms. Some patients may be reluctant to report adverse events regarding their mental
health, being scared that their ETI therapy could be discontinued as a result. Consequently,
there is no clear picture of the incidence of deterioration of mental health after the start of
ETI therapy. Therefore, the primary objective of the RISE study is to investigate whether
and in which direction mental wellbeing of people with CF changes after starting ETI
therapy in order to gain a better picture of resilient functioning. Our exploratory secondary
objectives include investigation of which underlying biological and psychosocial factors
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are associated with the change in mental wellbeing of people with CF after starting ETI
therapy. These factors may be of value in the development of current or new interventions
to build resilience and thereby preventing the deterioration of mental wellbeing after
starting ETI therapy. Moreover, we also investigate change of other indicators of mental
wellbeing, such as anxiety and depressive symptoms, after initiation of ETI therapy to get
amore complete picture of mental wellbeing change.

Strengths and limitations

The RISE study will provide a comprehensive evaluation of change in mental wellbeing
after starting ETI therapy, with the unique added value of a pre—post longitudinal design.
Through this design, we will be able to examine intra-individual changes in mental
wellbeing. Using an integrated biopsychosocial model, we will be able to examine the
relationships and interrelationships of disease severity, CF-related comorbidities, attitude
towards illness, illness perception and illness identity in predicting mental wellbeing.
We will use standardized and validated instruments to measure our outcomes and
determinants. As we combine our research with standard CF care, the effort for people
with CF will be minimal. A longer follow-up period may be needed to detect a long-lasting
change or, conversely, stability in mental wellbeing after starting ETI therapy.
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CHAPTER 4

ABSTRACT

Introduction

Starting elexacaftor/tezacaftor/ivacaftor (ETI) is a positive life event for people with Cystic
Fibrosis (pwCF). Nevertheless, some individuals report decline in mental health after
commencing ETI. This study aimed to determine if and how psychosocial health of pwCF
changed after ETI. To identify those potentially more vulnerable, we investigated possible
differences in psychosocial health among subgroups based on age, sex, lung function at
baseline, earlier use of any other CFTR modulator, and use of psychotropic medication at
baseline.

Methods

This is a prospective 60-week cohort study with questionnaire-based measurements of
psychosocial health 12 weeks before (T0) and 12, 24 and 48 weeks after starting ETT (T4,
T2, and T3, respectively). Data were analyzed using a covariance pattern model with a
general variance covariance matrix.

Results

In total, 177 subjects participated, with a mean age of 25.90 years, 44.07% female, and
174 (98%), 146 (85%), 141 (80%), and 142 (80%) participants (partially) completed the
questionnaires at To, T1, T2, and T3, respectively. PedsQL psychosocial health scores
improved following ETI (p<0.0001), especially between T0 and T1 (p<0.0001). No differences
in psychosocial health after following ETI were observed between subgroups. People using
psychotropic medications at baseline, however, reported structural lower psychosocial
health, compared to those not using this medications (p=0.047).

Conclusions

PwCF experienced a relevant improvement in psychosocial health following ETI. We could
not identify subgroups potentially more vulnerable in terms of their psychosocial health,
as we did not observe clear significant differences in psychosocial health between the
subgroups.
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INTRODUCTION

The advent of cystic fibrosis transmembrane conductance regulator (CFTR) modulators
has marked a new era in the management of cystic fibrosis (CF), leading to a shift in
the perception of CF from a life-threatening to a chronic disease with more favorable
disease expression and expected improved life expectancy > Especially the elexacaftor/
tezacaftor/ ivacaftor (ETI) combination significantly improves lung function and reduces
pulmonary exacerbations 23. For many people with CF (pwCF) gaining access to ETI is
therefore considered a positive and major life event 4. Two randomized controlled studies
(>12 years, n=405 5, n=113 °) to confirm ETI's safety and efficacy found a significant
improvement in the Cystic Fibrosis Questionnaire - Revised (CFQ-R) respiratory domain
56 and improvements in practically all other health-related quality of life domains”.

Unexpectedly, several case series reported a subset of individuals experiencing a
deterioration in their mental health following initiation of ETI, expressed in various
symptoms such as insomnia, depressive and anxiety symptoms, brain fog, and
concentration problems #°. Several mechanisms underlying this deterioration in mental
health have been suggested: compounds of ETI can affect mental health through direct
effects on the central nervous system or through interactions with (psychotropic)
medications 2. Also the psychological impact of starting a potentially life-changing drug
might affect mental health ™. Individuals with a prior history of mental health problems
might be more susceptible to recurrence of these problems 3, but literature showed that
both individuals with and without a history of mental health problems experienced
worsening of their mental health after ETT 81014,

Remarkable improvements in physical health may cause patients reluctance to discontinue
ETI, potentially resulting in underreporting of mental health-related side effects 9.
However, long term longitudinal studies systematically investigating changes in mental
health after initiation of ETI are not available yet. Such research may identify subgroups
more susceptible to these mental adverse effects and can open avenues for prevention.

The primary objective of the ‘Resilience Impacted by positive Stressful Events for people
with cystic fibrosis’ (RISE) study was to investigate if and how psychosocial health of
pwCF changes after initiation of ETI. The secondary objective included investigation
of differences in psychosocial health among subgroups to identify subgroups that are
potential more susceptible for a diminished mental health after starting ETI.
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METHODS

Study population and ethics

Inclusion criteria were: pwCF 1) of 212 years, 2) who started ETI based on their CFTR-
mutation, and 3) being a patient in the University Medical Center Utrecht (UMCU)/
Wilhelmina Children’s Hospital, the Netherlands. Participants were excluded when they
were not able to read and understand Dutch. This study was conducted in accordance with
the principles of the Declaration of Helsinki and classified by the Institutional Review
Board as exempt from the Medical Research Involving Human Subjects Act (code METC:
21/626 and 16/668).

Study design and procedures

The design of the RISE study has been described in detail elsewhere *. In short, the RISE
study is a single arm, observational, longitudinal cohort study which follows pwCF over
a time frame of 60 weeks collecting data at four time points. The baseline assessment
(To — September 2021) was circa 12 weeks prior to starting ETI and at 12 (T1), 24 (T2) and
48 weeks (T3) after starting ETI. A package of multiple questionnaires was sent at all four
time points. At To and T2, participants also attended medical consultations.

A sample size of 100 participants was considered adequate for the purpose of this study *.

Definition of variables

The primary outcome variable was measured by the psychosocial health scale of the
Pediatric Quality of Life Inventory 4.0 (PedsQL), combining the emotional, social, and
school/study/work PedsQL’s subscales v. This psychosocial health scale corresponds with
mental wellbeing *. The PedsQL has been validated for children, adolescents, and adults 7.
Asignificant change in psychosocial health was defined as a minimal clinically important
difference (MCID) of 4.4 points »°. By choosing this generic scale of psychosocial health
-instead of a disease-specific scale-, applicable to various age categories, we aim to assess
overall psychosocial health in general, across different age groups.

The clinical study variables at To and T2 were lung function (in percentage predicted
forced expiratory volume in 1 second (FEV,pp)), body mass index (BMI), sweat chloride
concentration (SCC), and fecal elastase. Moreover, by using the electronic patient files,
we counted the frequency of pulmonary exacerbations (PEXx) requiring intravenous (IV)
antibiotic treatment in the year prior to the first visit (T0), defined as IV-treated PEx.
Additionally, we verified the CFTR-genotype, and collected information maintenance
therapy including psychotropic medications. The presence of psychotropic medications
in the baseline data indicated that the participants had used such medications in the
six months before or by To. Psychotropic medications used by the participants were



PSYCHOSOCIAL HEALTH CHANGES IN PEOPLE WITH CYSTIC FIBROSIS AFTER INITIATION OF ETI

antipsychotics, hypnotics, antidepressants, and stimulants. Finally, at T2 we noted side
effects, next to changes in use of psychotropic medications.

Statistical analyses

Descriptive baseline characteristics of the cohort were presented as counts with
percentages, means with standard deviations (SD) or medians with interquartile range
(IQR). The PedsQL psychosocial health scores were treated as continuous and analyzed
using a covariance pattern model with a general (i.e., unrestricted) variance covariance
matrix. The test of primary interest was the likelihood-ratio test (a=0.05) comparing the
model with a fixed effect of ‘visit’ against the intercept-only model, thus testing whether
there was a difference in the mean psychosocial health score at one of the four time points.
Visit-specific estimated marginal means (EMM) was provided along with 95% confidence
intervals.

To identify those potentially more vulnerable to diminished mental health after starting
ETI, we conducted subgroup analyses. Subgroups were defined based on clinical practice
and literature and categorized into age (<25 years and =25 years, as adolescence is defined
as ranging from 10 up to and including 24 year 2), sex (female and male), lung function at
baseline (£70 and >70%), earlier use of any other CFTR modulator (yes and no), and use of
psychotropic medication at baseline (yes and no). We first analyzed whether we observed a
difference in EMM of PedsQL psychosocial health scores between the subgroups by testing
the full model, including visit, the main effect of the subgroup and the interaction between
the main effect and visit, against a model only including the effect of the visit using
likelihood-ratio tests. To assess the results in more detail, we tested whether differences
were structural and/or represented a differential change over time between the subgroups.
We tested for structural difference by using a likelihood-ratio test comparing a model
including both a visit term as well as the main effect of the subgroup versus a model with
only the visit-effect. We tested for a differential change over time by using likelihood-ratio
test on comparison between the full model versus the model without the interaction term.
Furthermore, we evaluated visit-specific contrasts in PedsQL psychosocial health scores
between the subgroups. Lastly, we also reported the physical changes in BMI, FEV pp,
and SCC by using a covariance pattern model with a general (i.e., unrestricted) variance
covariance matrix.

We have multiple imputed data using multivariate imputation, using chained equations
with the R package mice v3.15.0 ??; 100 data sets were imputed (using 100 iterations in each)
- for more information, see Supplement 1. The baseline table shows the original data, all
other results are based on multiple imputation data sets; for comparison between results
we refer to Supplement 2.
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Significance levels were set at 0.05. All statistical analyses were performed with R version
£4.2.2: besides the packages mice cited above, we used the packages miceadds v3.16-18 %3,
nlme v3.1-161 24, and package emmeans v1.8.4-1 .

RESULTS

Study population

In total, 177 subjects participated in the study, of which the mean age was 25.90 years,
44,.07% was female, and 79.00% had a F508del/F508del mutation (Table 1). In total
174 (98.31%), 146 (82.49%), 141 (79.66%), and 142 (80.23%) participants completed or
partially completed the RISE questionnaires at To, T1, T2, and T3, respectively (more
information, see Supplement 3). Altogether, 66.10% of the participants completed the RISE
questionnaires at all four time points, 84.70% at three time points, and 90.30% at least at
two time points. One person was excluded for the RISE study. Seven participants dropped
out of the study cohort: three without an explicit explanation, one was admitted to the
psychiatric ICU and is still using ETT, two discontinued ETI (one due to liver problems, the
other without providing a reason) and one participant was transferred to another medical
center and was lost to follow-up.!

Changes in psychosocial health scores after initiation of ETI

The EMM of the PedsQL psychosocial health scores were 72.30 (95% CI: 70.11;74.49) at
To, 7735 (95% CI: 75.10;79.61) at T1, 78.64 (95% CI: 76.39;80.89) at T2, and 79.81 (95%
CIL: 77.50;82.12) at T3, showing a significant difference between the four time points (p
<0.0001) (Table 2, Figure 1). Post-hoc tests identified that this change is mainly from To to
T1(p<0.0001). Although psychosocial health further increased at T2 and T3, these changes
were not significant (from T1 to T2, p=0.11; from T2 to T3, p=0.14).

1 The participants admitted to the psychiatric ICU and those who discontinued ETI accidentally
dropped out of the study; these participants should have remained enrolled.
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Table 1: Baseline characteristics of study population

Participant characteristics and medical information To
n 177 (100)
Age at baseline 25.80 +8.79
Adolescents: 12-24 years 94 (53.11)
Adults: 225 years 83 (46.89)
Male 99 (55.93)
Female 78 (44.07)
Genotype
F508del/F508del 140 (79.10)
F508del/any other mutation 37 (20.90)
BMI 2112 £2.68
FEV,pp 7318 +19.62
<40 6 (339)
£40-70 67 (37.85)
70-90 64 (36.16)
>90 40 (22.60)
SCC (mmol'L™?) 84.27 +173
Missingl 6 (339
Pancreatic function
Insufficient (fecal elastase <200 pg-g™) 157 (88.70)
Sufficient (fecal elastase 2200 pg-g™) 3 (1.69)
Missing 17 (9.60)
Use of CFTR modulator before ETI
Yes 141 (79.66)
No 36 (2034)
IV- treated PEX (7/1/2021 — 7/1/2022)
None 137 (77.40)
One or more 40 (22.60)
Use of psychotropic medication
Yes 16 (9.00)
No 161 (91.00)
Questionnaires To
RISE questionnaires (partially) completed* 174 (98.31)
Psychosocial health [0-100] n=173 72.48 (14.73)

Data are presented as n, median (interquartile range), n (%) or mean+SD.

BMI: Body Mass Index; CFRD: Cystic Fibrosis Related Diabetes, CFLD: Cystic Fibrosis related Liver Disease,
CFTR: cystic fibrosis transmembrane conductance regulator, FEV pp: forced expiratory volume in 1s, %
predicted, IV: intravenous, NA: not applicable, PedsQL: Pediatric Quafity of Life Inventory 4.0, PEx: pulmonary
exacerbations, SCC: sweat chloride concentration. linsufficient sweat collection, *not all questionnaires 100%
completed, we used validated versions adolescents and adults. Original data is used for this table.
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Subgroup analyses on differences in psychosocial health scores

Comparing for subgroup age, the EMM for the adolescents (<25 years old) were consistently
higher than those for the adults (=25 years old) (Figure 2a). However, no significant
difference was observed between subgroups (p=0.46), nor did we find a significant main
difference between subgroups (p=0.33), nor a differential change over time (p=0.58)
(Table 2). Visit-specific contrasts, however, showed significant subgroup differences at
To (p=0.04) and T2 (p=0.05), but not on T1 (p=0.26) and T3 (p=0.08) (Supplement 4).

With respect to the subgroup sex, the EMM were consistently higher for males compared
to females (Figure 2b). We did not find significant differences in the PedsQL psychosocial
health, nor did we identify significant differences in visit-specific contrasts between these
subgroups.

Comparing subgroups based on baseline lung function, the EMM of the PedsQL
psychosocial health scores for the subgroup with FEV pp values >70 were consistently
higher than those for the subjects with FEV,pp <70 (Figure 2c). However, no significant
differences were observed between the subgroups. With respect to the visit-specific
contrasts, only the contrast in PedsQL psychosocial health scores at To was significantly
different between the subgroups (p=0.006) (p=0.33 at T1, p=0.22 at T2, and p=0.15 at T3
(Supplement 4)).

Comparing the EMM for subgroup ‘early use of CFTR modulator’, the EMM were
consistently higher for participants that already used CFTR-modulators (Figure 2d). We
did not find significant differences in the PedsQL psychosocial health, nor did we identify
significant differences in visit-specific contrasts between these subgroups.

Comparing subgroups based on baseline psychotropic medication use, the EMM were
consistently higher for participants not using psychotropic medication (Figure 2e). No
significant difference was observed between the subgroups in general (p=0.13). People using
psychotropic medications have reported lower psychosocial health compared to those
not using these medication (p=0.047), yet no differential change over time was observed
(p=0.76) (Table 2). Visit-specific contrasts showed significant subgroup differences at all
timepoints (p=0.003 at T0, p=0.01 at T1, p=0.03 at T2, and p=0.009 at T3 (Supplement 4).

Clinical changes after ETI

Regarding clinical changes after ETI, we identified that the EMM of BMI increased with
0.64 kg/m?(p< 0.0001; 95% CI 0.43 to 0.85), the EMM of FEV pp increased with 12.46% (p<
0.0001; 95% CI 10.48 to 14.45), and the EMM of SCC decreased with -49.97 mmol-L? (p<
0.0001; 95% CI -54.31to -45.63) at T2 (Table 3). For more clinical changes after ETI, please
refer to Supplement 5.
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Table 3: clinical changes after initiation of ETI

Clinical parameters To, EMM T2, EMM Difference (95% CI) p-value
BMI (kg/m?) 21.12 21.76 0.64 (0.43;0.85) <0.0001
FEV,pp 73.18 85.64 12.46 (10.4.8;14.45) <0.0001
SCC (mmol'L?) 84.05 34.07 -49.97 (-54.31;-45.63) <0.0001

EMM: estimated marginal means, FEV pp: forced expiratory volume in 15, % predicted, SCC: sweat chloride
concentration. Multiple imputation data is used for this table.

Figure 1: Estimated marginal means with 95% confidence intervals at To, T1, T2 and T3 of PedsQL
psychosocial health scores, using multiple imputation data
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Figure 2: Estimated Marginal Means of PedsQL psychosocial health scores and 95% confidence in-
tervals of psychosocial health scores at To, T1, T2 and T3, of subgroups based at age at T, sex, earlier
use of CFTR-modulator, FEV pp at To, and use of psychotropic medication at To, using multiple im-
putation data
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DISCUSSION

The RISE study demonstrated a significant and clinically relevant mean improvement
in psychosocial health following the initiation of ETI, with the most substantial change
occurring between three months before and three months after use of ETI. No clear
differences in psychosocial health scores after start of ETI were observed between
subgroups based on age, sex, lung function at baseline and earlier use of any other
CFTR modulator. People using psychotropic medications at baseline, however, reported
structural lower psychosocial health both before and after initiation of ETI, compared to
those not using these medications.

The improvement in psychosocial health after starting ETI on group level of the RISE
study is in line with existing studies 2. These studies identified the improvement of
CFQ-R (respiratory domain) in four weeks after starting ETI 5¢ and remained high over
24 weeks 5, matching the pace of improvement in biological outcomes. The RISE study
showed that, on group level, psychosocial health remained high till 48 weeks after ETL
Moreover, previous literature has shown that older age, being female and having a lower
FEV pp are generally associated with lower levels of mental health in adults in general .
We could not confirm this, as we did not identify differences in psychosocial health scores
on subgroup level. However, the likelihood-ratio tests and the tests based on visit-specific
contrasts for subgroup analyses on age and lung function, led to apparently conflicting
results, complicating their interpretation. Where the likelihood-ratio tests did not indicate
any significant findings, the visit-specific contrasts did. We interpreted the findings as
inconclusive as to whether there was a true difference and, if so, whether that difference
existed on baseline only or remained constant over time.

Individuals with a history of psychiatric illness or use of psychotropic medications might
be more likely to experience a worsening of their mental health after ETI 8-, Although
people using psychotropic medications at baseline seem to report lower psychosocial
health scores, based on the post-hoc test and visit-specific contrasts, compared to those
who do not use these medications, we did not find differential changes in psychosocial
health scores following ETI between these subgroups. This means that both subgroups
regarding psychotropic medications had an equal improvement in psychosocial health
following ETI.

To compare our psychosocial health scores with those of the general population, we used
normative data on PedsQL psychosocial health scores of Dutch adolescents and young
adults aged 12-30 2629, Although our study group in general experienced an improved
average psychosocial health scores after ETI (79.85 (95% CI 77.57;82.14) at T3), healthy
adults (n=512) seem to score higher on psychosocial health with a mean average score of
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83.89 (95% CI 82.78;85.00) *.20ur adolescent subgroup, however, demonstrated a mean
score of 83.71(95% CI 78.73;88.69) after ETI (at T3), while the average psychosocial health
of healthy adolescents (n=185) is 80.23 (95% CI 78.76; 81.70) >*3The improvement and high
state of psychosocial health after ETI, especially in adolescents with CF, is remarkable. It is
possible this increase was influenced not only by the physical changes but also by factors
such as hope, a positive outlook on the future, and illness identity, particularly during
adolescence when the future outlook is predominantly uncertain 3°. Future research is
needed to disentangle the contributions of these factors and their underlying mechanisms,
to better understand how these adolescents are able to adapt.

The strength of this study lay in its longitudinal prospective design with four time waves
of data collection, including a baseline assessment prior starting ETI and a long follow-
up period.. We assessed that a sample size of 100 is acceptable for the aim of this study
16 however as inclusion was easier than expected and there were low risks or efforts for
the participants, we opted not to end inclusion, resulting in 177 study participants. These
study participants included both sexes , adolescents and adults with varying degrees of
disease severity, which enhances the generalizability of the findings. Some limitations
deserved mentioning. We anticipated missing data to be rare ', but experienced a lower
response-rate than expected. During the visits, we noticed that some adolescents lacked
motivation and/or concentration to complete the questionnaires, primarily attributed to
the length of the complete set of questionnaires. We aimed to mitigate potential biased
effects by using multiple imputation techniques. Nevertheless, if participants did not
complete questionnaires as a result of mental health issues, we might have overestimated
the improvement of psychosocial health following ETI. Yet, attrition bias seemed to be
limited (Supplement 6). Secondly, some adolescents sought assistance from their parents
during the completion, which might have influenced their answers in the questionnaires.
Moreover, we cannot establish a causal relationship between ETI and psychosocial health
as we did not perform a randomized controlled trial and external factors or unrelated
other life events could therefore possibly influenced our results. Furthermore, we did
not correct for multiple testing, which prevented us from excluding false positives.
Furthermore, we have not noted any changes in ETI dosing for individuals. Finally, the
most seriously ill pwCF may have been on an ETI compassionate use program and were
not included in this study.

We were unable to identify any subgroups experiencing lower psychosocial functioning
after the initiation of ETI, hence leaving unanswered who these patients are. Patients
could be part of multiple subgroups (e.g., having a low lung function, being of age, and
taking psychotropic medications), and the deterioration of mental health might not be

2 95% ClIcalculated by x + zs—ﬁ
3 95% Clcalculatedby x + z

S_
n

ﬂ

d



CHAPTER 4

solely facilitated by a single (biological) factor. Instead, this deterioration may be the
result of an interplay among various biological, pharmacological, and psychological
factors on individual level. Gaining insight into how these underlying factors collectively
affect mental health would enhance our understanding of why some people experience a
diminished mental health after ETI.

CONCLUSIONS

The RISE study underlined that pwCF experienced a significant and clinically relevant
improvement in psychosocial health following ETI. No differences in psychosocial
health scores after starting ETI were observed between subgroups, except for people
using psychotropic medications at baseline. They reported structural lower psychosocial
health scores, compared to those not using these medications. We were unable to identify a
subgroup more susceptible to reduced mental health after starting ETI, for we did not find
differential changes in psychosocial health scores following ETI between subgroups. Future
studies are needed to further investigate the underlying biological, pharmacological, and
psychological mechanisms at the individual level to better understand why individuals
react differently to ETT in terms of their mental health.
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SUPPLEMENT 1

More information about the imputation model

Imputations were performed with the data in wide format. Corresponding to the default
options, imputations were based on predictive mean matching (numeric variables) or
logistic regression (binary variables). However, using the default predictor matrix (i.e.
using all variables as predictors) resulted in numerical issues for one of the variables
with missing data (sweat chloride at t2). Therefore, the quickpred() function (with
default specifications) was used to simplify the model for this specific variable. No issues
were logged in the function’s event log, and no abnormalities were identified during the
inspection of trace plots. Rubin’s rules were used to pool estimates from the imputed data
sets. Likelihood ratio test statistics were pooled using the ‘D2’ method (using the function
micombine.chisquare() from the R package miceadds v3.16-18. Pooled confidence intervals
for estimated marginal means are based on normal approximations.

List of variables included in the imputation model

Variables Variables are treated as numeric unless indicated otherwise

to__ApprAgeAtBaseline

to__pat_sex Binary
to_ CFTR__modulator Binary
to__genotype_ Cat Binary

to_ BMIAtBaseline
to__baseline__sweatchloride
to__baseline_ FEV1_ pp

to_baseline_ fecal_ elastase Binary (Dichotomized: 0 vs >0) *fecal elastase at t2 was not
included, because only one observation exceeded 0.

to_total dur IV _AB Binary (Dichotomized: 0 vs >0)
to_clin_ CFRD Binary
to_clin_CFLD Binary
to_baseline_ psychfarm Binary

to_ PedsQL_ PsychSoc_ total
to_ BIPQ_ total

to__IIQ__ Rejection
to_IIQ__Acceptance

to_IIQ_ Engulfment
to__IIQ__Enrichment

to_ PSS_ total
to__GAD7_total

to_PHQ9_ total

d
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List of variables included in the imputation model (continued)

Variables Variables are treated as numeric unless indicated otherwise

to__RCADS_ Overall__total
to_ Cantril

to_ CFQR__Resp

to_BRS_ total

to_SDQ__ Difficulties_ total
t1_PedsQL_ PsychSoc_ total
t1_BIPQ_ total
t1_IIQ_Rejection
t1_IIQ__Acceptance
t1_IIQ_Engulfment
t1_IIQ__Enrichment
t1_PSS_ total
t1_GAD7_total

t1_PHQQ_ total

t1_RCADS_ Overall total
t1_Cantril

t1_CFQR__Resp

t1_BRS_ total

t1_SDQ_ Difficulties_ total
t2_ BMIAtFollowup

t2_ followup_ sweatchloride
t2_ followup_ FEV1_ pp

t2_ sum_ unresolved__
sideeffects

t2_ followup_ psychfarm Binary
t2_ PedsQL_ PsychSoc_ total
t2_ BIPQ_ total
t2_IIQ__Rejection
t2_IIQ__Acceptance

t2_IIQ_ Engulfment

t2_ IIQ_ Enrichment

t2_ PSS _total

t2_ GAD7_total

t2_ PHQQ_ total

t2_ RCADS_ Overall_ total

t2_ Cantril
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List of variables included in the imputation model (continued)

Variables Variables are treated as numeric unless indicated otherwise
t2_ CFQR__Resp

t2_ BRS_ total

t2_ SDQ__ Difficulties_ total

t3__PedsQL_ PsychSoc_ total

t3_ BIPQ_ total

t3_IIQ__Rejection

t3__IIQ__Acceptance

t3_IIQ__Engulfment

t3_IIQ__Enrichment

t3_PSS_total

t3_GAD7_total 4 I
t3__PHQQ_ total

t3_RCADS_ Overall_total

t3_ Cantril

t3__CFQR_Resp

t3_BRS_ total

t3_SDQ_ Difficulties_ total
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Part3 p-values
Primary outcome Post-hoc tests
To-T1 T1-T2 T2-T3
Original MI Original MI Original MI
PedsQL Psychosocial health scores <0.0001 <0.0001 0.01 0.07 0.25 0.14
[0-100] : } } } }
Subgroups analyses on Post-hoc tests
psychosocial health Main difference Differential change
Original MI Original MI
Age at To
<25 years 0.05 0.31 036 0.45
225 years ‘ ‘ ‘
Sex ‘ ‘ ‘
Female 0.29 0.47 0.76 0.68
Male ‘ ‘ ‘
Lung function at To
FEV,pp <70 0.02 0.17 0.08 0.17
FEV pp >70
Earlier use of CFTR modulator ‘ ‘ ‘
Yes 0.67 0.77 0.62 0.76
No ; ‘ ‘
Use psychotropic medications at To
Yes 005 0.15 035 082

No

Data are presented as n, median (interquartile range), n (%) or mean+SD. CFTR: cystic fibrosis transmembrane
conductance regulator .



PSYCHOSOCIAL HEALTH CHANGES IN PEOPLE WITH CYSTIC FIBROSIS AFTER INITIATION OF ETI

101p[nbat 25UDIINPUOI UDIGUUIIWISUD.] S1501qL I11SAD ¥,1.4D

90°0

LS50

ST'0

9C0

or'o

cro

600

€Co

0co

9r'0

500

700

610

STo

00

910

7%7°0

€0

6T0

€00

6€0

9¢€0

€0

ON

Z0°0 SOR
07, 30 suovatpaw d1dodjoydfsd asn

ON

770 S9K
Joipnpow ¥ 14D Jo asn 4a1jipg

oL< dd'Ada

9000 ols dd'pqa

o], 3v uodunf bung

9leW

91'0 orewag
Xas

SIeaA STz

70°0 s1eah Gz>
0], 10 aby

I

[eur3uQ

[eur3LiQ

[eurduQ

€1

SISBIIU0D d1J10adsS-SIA

y3eay remosoydAisd uo sasAteue sdnoidqns

sanfea-d

7 juowdddnsg

s1se13u0d diyroads-11s1a uorzeinduit ofdriynwi pue [eurdrio uo paseq s3nsay 7 Juswarddng reurdio



CHAPTER 4

"U01IDIIUIIUOD
ap1IOJY2 IDAMS :DDS ‘Pa1dpaid 9 ‘s T ur awnjoa L103paidxa padiof :dd'A71 xapul sSDN Apod TING ‘ASFuUDau 10 (%) U ‘(2bub. aj1340nbia1ul) ubipaw ‘U sp pajuasaid aip PIDJ

10000> | 10000> | (I9'GY-{9%75-) Y005~ - (79°G7- '€0°E5-) YE6Y- . 10%E L €6vE | Sovg | LT (~Tou) DS

10000> | 10000> | (I77Ti9z0r) YETT (I87T6ET) OT'ET 1668 | Lz9g | SUEL | SUEL dd'ama

T000°0> 1000°0> (98°0€7°0) 990 (98°0:8%7°0) L90 LLTT 6L1C rIe (4 (zw/33]) TNG

anfea-d anfea-d (ID %56) ddUBIBIIIA ! (ID %S6) ddUIBIIIA | WINA ‘L - IWINE ‘L - IWINE ‘oL - IWINE ‘oI, sisaurered [ed1uUI)
IN | [ewiduQ | I ” [eur3riQ ©IN o reurduo ¢ IN ¢ [eurduQ

ejep uorjenduir a7diIfnu Jo asn Ia3je pue ejep [eurdrio ur pajuasaid sipnsal ‘Adel1ayl 17 JO UOTIRIIIUT I93Fe sadueyd [edrurd :G Juswerddng reurdrio



PSYCHOSOCIAL HEALTH CHANGES IN PEOPLE WITH CYSTIC FIBROSIS AFTER INITIATION OF ETI

SUPPLEMENT 3:

Response rate regarding the RISE-questionnaires

Questionnaires
Time points To T1 T2 T3
Medical consultation (%) 177 (100) 151 (83)
Completed (%) 174 (983) 146 (82.5) 141 (79.7) 142 (80.2)
100% completed 158 140 137 139
partially completed 16 6 4 3
missing 3 31 36 35

Data are presented as n, or n (%).
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SUPPLEMENT 4:

Visit-specific contrasts

p-values

Subgroups analyses on psychosocial health

Visit-specific contrasts

To

T1

T2

T3

Age at To
<25 years 0.04
225 years

Sex
Female 0.17
Male

Lung function at To
FEV pp <70% 0.006
FEV pp >70%

Earlier use of CFTR modulator
Yes 0.19
No

Use psychotropic medications at To
Yes 0.003
No

0.26

0.46

033

0.44

0.01

0.05

0.15

0.22

0.25

0.03

0.08

0.24

0.15

058

0.009

CFTR: cystic fibrosis transmembrane conductance regulator
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SUPPLEMENT 5:

Clinical changes after ETI therapy

Of the 177 people at To, 152 (85.88%) participants attended the medical consultation on
T2. Only 74 participants had their sweat chloride concentration measured at T2 due to a
lack of sweat chloride tests (an international event beyond the control of the study team).>”
In total, 146 participants completed questionnaires about side effect, of which 119 have
experienced them in the last six months, since use of ETI therapy. Of the 119 participants,
48 (40%) subjects reported coughing, 69 (58%) sputum increase, 30 (25%) headache, 18
(15%) diarrhea, 27 (23%) abdominal pain, 3 (3%) hemoptysis, 26 (22%) fatigue, 14 (12%)
rhinorrhea, 6 (5%) hoarseness, 7 (6%) sore throat, 20 (17%) rash, 13 (11%) mood changes.
Side effects reported in open answer format: obstipation (n=8, 7%), sleep problems (n=6,
5%), dry eyes or other eye related symptoms (n=6, 5%), being dizzy (n=5, 4%), tinnitus
(n=5, 4%), skin-related problems (n=4, 3%), cold-like symptoms (n=3, 3%), concentration
problems, restless or forgetful (n=3, 3%), different sputum production (n=3, 3%), fever
(n=3, 3%), liver function problems (n=3, 3%), gall or kidney stones (n=2, 2%), nausea (n=2,
2%), shortness of breath (n=2, 2%), weight gain (n=2, 2%), diaphragmatic pain (n=1, 1%),
hypertension (n=1, 1%), having more energy (n=1, 1%), headache (n=1, 1%), hot flash (n=1,
1%), more hungry (n=1, 1%), more often getting stung by mosquitoes (n=1, 1%), and pain
in testicles (n=1, 1%). At T2, 24 (20.16%) participants were still experiencing one side
effect, twelve (10.1%) participants experienced two side effects, five (4.20%) participants
experienced three side effects, and two (1.68%) participants experienced four side effects
at T2. We do not have any data on side effects at T1 and T3. In terms of psychotropic
medication use, 15 participants (8.47%) reported baseline usage at To, decreasing to 11
(6.21%) at T2. Among them, nine continued usage, while two started taking medication
during the study.



CHAPTER 4

P1paid 9 ‘s 1 ul awnjoa Aio3piidxa padriof :dd'Agg

(€€€8 'L919) €eeL (7L91) 87Tl 9100S Y3I[eaY [PIO0SOUIAS S9K
(0068 ‘GT'LS) 0S°€L (tEoT) YLl dd'pma S9X
(57 1€ ‘oc6r) £€eqe (€6'8) €9t 23y SOX
(0058 ‘26T9) LUYL (T671) SY°CL 9102S Y3[eaY [RID0SOUIAS ON
(09L8 ‘9L99) 059L (YLo1) 6TSL dd'aqa ON
(6€6T ‘8LLT) S8°'1T (Y0'g) Lg€c 23y ON
(98uea arryrenbaayur) ueIpaw (as) uesiy aul[aseq je a[qerrep €1, 7e saareuuonsanb sy Sunajdwo)

'SBIq UOTII133e pajrwii s3s983ns Iy, *Jou pIp oym asoy3 03 paieduwiod s9100s Yifeay [e1oosoydAsd surfaseq pue

‘uorzounj Suny ‘e8e 10J san[eA SUI[ESEq UT S9OUIJJIP JURIIITUSIS ITYXa Jou pIp £, Je saiteuuorisanb STy ay3 paieidwod oym syuedioried

SeIq UorjIIlie Jo sisfeuy

‘9 LNJN3I1ddNS

138






& 0

& %%
|

3

. ',‘.é:l o 4
Y
it



CHAPTER

MENTAL WELLBEING AND GENERAL HEALTH
IN ADOLESCENTS WITH ASTHMA:
THE PIAMA BIRTH COHORT STUDY
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ABSTRACT

Objectives
To assess whether adolescents with asthma experience a lower mental wellbeing and lower
general health than their non-asthmatic peers.

Study design

Data from the Prevention and Incidence of Asthma and Mite Allergy study were used. At
the ages of 11, 14, 17, and 20 years, 2651, 2522, 2094, and 2206 participants, respectively,
completed questionnaires. Their parents completed questionnaires at the ages of 11
(n =2660), 14 (n = 2338), and 17 years (n = 1872). Asthma was defined according to the
Mechanisms of the Development of Allergy criteria. Mental wellbeing was measured
using the Mental Health Index-5 and was reported by the adolescents. General health,
measured on a 4-point Likert scale, was reported by the adolescents and their parents.
We estimated associations of asthma with mental wellbeing and perceived general health
using generalized estimating equations.

Results

Atages 11,14, 17, and 20 years, 6.7%, 6.9%, 5.0%, and 6.6%, respectively, of the adolescents
had asthma. Adolescents with asthma did not score differently on the Mental Health Index
than their peers without asthma. Adolescents with asthma were less likely to experience
good or excellent health than their peers without asthma (aOR, 0.37; 95% CI, 0.26-0.51
for intermittent asthma and 0.33; 95% CI, 0.25-0.41 for persistent asthma). These results
remain similar across the different ages.

Conclusions

The mental wellbeing of adolescents with asthma is similar to that of their peers without
asthma, although adolescents with asthma are less likely to perceive a good or excellent
general health.
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INTRODUCTION

In the US one-fourth of youth have a chronic disease *. Similarly, in the Netherlands 26%
of the children and adolescents grow up with a chronic disease 2. In Dutch youth aged
0-25 years, asthma is the most common chronic disease (4.6%), followed by anxiety
and mood disorder (4.1%), attention deficit hyperactivity disorder (3.6%), stomach
ache/fecal issues (2.8%), eczema (2.8%), learning disorder (2.0%), congenital skeleton
deformities (1.5%), migraine (1.4%), morbid obesity (1.4%), and autism spectrum
disorders (1.1%) 2.

Children and adolescents with a chronic disease face more challenges in daily life compared
with their healthy peers, often resulting in fatigue, participating less in sports, worrying
more about their future, and being more prone to dropping out of school *-4 Therefore,
quality care for affected youth encompasses more than only treating physical symptoms,
it also includes looking after their overall wellbeing *5. The positive health concept defines
health as being able to adapt and to self-manage, instead of defining health as the absence
of a disease ¢~%. Positive health focuses on resilience and therewith on positive challenges,
such as maintaining mental wellbeing and a good perceived general health 7.

Investigating wellbeing and health in adolescents is important, knowing that these
aspects strengthen essential developmental tasks, including maturation of emotional
and cognitive abilities to become independent, completion of education, and transition
to employment, civic engagement, and establishment of lifelong relationships .
Adolescence is a key developmental time period marked by rapid neurocognitive and social
developmental changes, as well as the first emergence of mental health disorders 2. In
general, previously published studies reported that youth with asthma perceived a lower
general health compared with their peers without asthma #74. Additionally, prior research
mainly focused on the association between asthma and quality of life (QoL). Silva et al
reported that youth with asthma presented an overall lower QoL compared with healthy
controls .

However, QoL is abroader concept than mental wellbeing, including multiple domains such
as physical, psychological, emotional, and social and school functioning. Some studies
used a QoL instrument, such as the health-related QoL questionnaire, that explicitly
measure mental wellbeing as a separate domain. Studies using these instruments
presented different results: some studies reported a lower mental wellbeing in adolescents
with asthma, others observed a similar mental wellbeing for adolescents with asthma and
adolescents without asthma1677.

Asthma severity and medication use are seen as predictors of mental being in patients
with asthma . Moreover, adolescence could influence the course of asthma, and overall
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wellbeing 2192°. Therefore, repeated measurements within the same individual during
adolescence, and also testing for interaction effects of “asthma and age” and “asthma
and gender” will give more robust results than using only one measurement at one time
point. Longitudinal data were not available in most of the previously mentioned studies
3141621 Our study used a large adolescent sample from a national birth cohort with data
from age 11 to 20 years; using longitudinal data, we aim to investigate whether adolescents
with asthma experience a lower mental wellbeing and lower general health compared with
their peers without asthma.

METHODS

Study design and study population

Data were obtained from the Dutch Prevention and Incidence of Asthma and Mite
Allergy (PIAMA) birth cohort study. In 1996/1997, pregnant women were recruited from
the general population and their children (n = 3963 at baseline) have been followed since
22, The study protocol was approved by the medical ethics committees of the participating
institutes and all parents gave written informed consent. For this study, we used data that
was collected when the adolescents were 11, 14, 17, and 20 years of age. At these years,
respectively 2651, 2522, 2094, and 2206 participants completed questionnaires about
health, lifestyle, and environment. Parents completed questionnaires at the participants’
ages of 11 (n = 2660), 14 (n = 2338), and 17 years (n = 1872).

Definition of outcome

Our outcome measures were mental wellbeing as reported by adolescents, and general
health as reported by adolescents and their parents. Mental wellbeing was measured by
the Mental Health Index-5 (MHI-5) 2324, The MHI-5 is a short, simple set of 5 questions
and is widely used as an instrument to assess mental wellbeing in large questionnaire-
based population studies »5. The MHI-5 contained the question “How often during the last
4 weeks, did you feel: nervous, calm and peaceful, downhearted and blue, happy, and so
down in the dumps that nothing could cheer you up?”. For each of these 5 items, answers
could be given on a 5-point Likert scale: all the time, mostly, often, sometimes, and never.
These answers were converted in a score, ranging from 0 to 100. This questionnaire was
completed by the adolescent himself or herself at the ages of 11, 14, 17, and 20 years.

Perceived general health was measured by the question: “What do you think about your
health?” and for the parents: “Would you describe your child’s health in general as
excellent, good, fair or poor?”. A 4-point Likert scale was used: excellent, good, fair, or
poor. The number of participants in the poor category was very low in all age categories
(adolescents with asthma and adolescents without asthma combined): 0.1%, 0.8%, 1.5%,
and 2.2%, at ages 11, 14, 17, and 20 years respectively. Therefore, we decided to construct
3 categories, in which the categories poor and fair were combined. The question was
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answered by the adolescent at the ages of 11, 14, 17, and 20 years and by their parents at
the participants’ ages of 11, 14, and 17 years.

Definition of exposure variables

The exposure variable of interest was asthma (severity). Asthma was defined as reported
presence of at least 2 of the 3 following criteria: (1) doctor diagnosed asthma ever,
(2) wheezing or whistling in the chest in the last 12 months, and (3) prescribed asthma
medication during the last 12 months. This asthma definition has been developed by a panel
of experts within the Mechanisms of the Development of ALLergy consortium *¢. To obtain
the needed information, we used data from questionnaires completed by the parents at the
participants’ ages of 11, 14, and 17 years and data reported by the 20-year-old participants.
Asthma severity varies and as differences in asthma severity could influence our outcome
measure, we created an asthma variable with 3 categories, based on medication use: (0)
no asthma, (1) intermittent asthma, and (2) persistent asthma. Adolescents with asthma
using no medication, or using only short- acting bronchodilators or antihistamine were
classified as having intermittent asthma. Adolescents with asthma using (in addition to
their short acting bronchodilators or antihistamine) either (inhalation) corticosteroids,
long-acting bronchodilators, and/or leukotriene receptor antagonists were classified
as having persistent asthma (Supplement 1). Intermittent asthma is considered to be a
milder asthmatic phenotype, whereas persistent asthma is assumed to be more severe. The
classification of asthma severity was based on Global Initiative for Asthma and Guidelines
of the US National Heart, Lung and, Blood Institute >7?¢. The asthma severity classification
could vary (for one specific individual) over time as medication use (of this individual)
could vary over time.

Potential confounders

Based on literature and clinical reasoning we a priori selected potential confounders:
sex (male/female), age (11, 14, 17, and 20 years), parental allergy, pubertal development,
ethnicity, parental educational level as an indicator for family socioeconomic status, and
educational level of the adolescents themselves. Parental allergy is a strong risk factor
for having a child with asthma and parents with allergy/asthma are more used to self-
management of asthma 2. It might be conceivable that parental allergy could affect mental
wellbeing of the child. Pubertal development changes the prevalence of asthma 3°.

The ethnicity of the child was divided into Dutch, non-Dutch Western, and non-Western,
based on the country of birth of both parents. Pubertal development was assessed using
the self-administrated rating scale for pubertal development 3. An overall score, based
on puberty characteristics, was calculated and divided into 4 categories: puberty has not
yet started, barely started, definitely started, and is complete. We classified the latter 2 as
puberty started. Parental educational level was categorized into low, intermediate, and
high. Low was defined as primary school, lower vocational or lower secondary education;
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intermediate as intermediate vocational education or intermediate/higher secondary
education; and high as higher vocational education and university. The educational level
of the adolescents themselves was also categorized into low, intermediate, and high, where
low was defined as prevocational secondary education or secondary vocational education,
intermediate as higher general secondary education, and high as preuniversity education,
higher vocational education, and university.

Statistical analyses

Descriptive statistics were used to summarize the characteristics of the study population.
We estimated associations of asthma severity with mental wellbeing and perceived general
health using generalized estimating equations (GEE). The GEE estimate associations of
asthma with the outcome measures, taking correlations within participants into account.
While using the GEE, we chose an independent correlation structure that enables the GEE
to handle time-dependent variables (in our case asthma) to change over time. In this
way, valid inferences can be ensured 3. We used the GEE with an identity link function to
estimate the associations between asthma severity and MHI scores (continuous outcome)
and the GEE with a logit link function to estimate associations between asthma severity
and general health (categorical outcome). For the outcome measure general health,
reported by parents, we used data of 3 time points (at 11, 14, and 17 years). Associations
with the MHI-5 score were expressed as differences (3s) and associations with general
health were expressed as odds ratios, with no asthma as the reference category.

As secondary analyses, we tested for interactions between sex and asthma severity, and
between age (11, 14, 17, and 20 years of age) and asthma severity. For an interaction term, we
considered a P value of less than .1 as significant. We adjusted for a priori selected potential
confounders (see subhead Potential Confounders). A P value of less than .05 was considered
statistically significant. Both crude and adjusted differences or odds ratios are reported.
All analyses were done with SPSS 25.0 (SPSS Inc).

RESULTS

Study population

The study participants of the PIAMA birth cohort were followed over time. For this study,
we used data of 11-, 14-, 17-, and 20-year-old adolescents. Asthma data of at least one of
the 4 measurement points was available for 3051 participants. Asthma data at least 3 of
the four measurement points was available for 2022 participants.

Figure 1 shows the follow-up flowchart of the PIAMA birth cohort study. The number of
complete cases could differ from the number of available questionnaires in age categories
11, 14, 17, and 20 years old, because a complete case is composed of a combination of
variables. shows the characteristics of the study population; adolescents in age categories
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11, 14, 17, and 20 years old, of which 6.7%, 6.9%, 5.0%, and 6.6%, respectively had asthma
according to the Mechanisms of the Development of ALLergy definition. As is well-known
from the previous literature and clinical practice, the prevalence of asthma was greater
inboys than in girls up to the age of 14 years 3. At ages 17 and 20 years, girls had a higher
prevalence of asthma. Table 2 shows the outcome measures—the self-reported score on
the MHI-5, and self- and parent-reported general health—per age category for adolescents
with and without asthma. In both adolescents with asthma and adolescents without
asthma, the MHI score and perceived general health decreased with age.

Associations between asthma severity and MHI-5 score

Adolescents with intermittent asthma scored 0.51 point (95% CI: -1.49 t02.52) higher
on the MHI-5 than non-asthmatic adolescents, whereas adolescents with persistent
asthma scored -0.50 points (95% CI: -2.24 t01.25) lower on the MHI-5 than non-asthmatic
adolescents (Table 3). On the MHI-5 scale of 0-100, these differences are very small and
they were not statistically significant. Secondary analyses did not reveal differences in the
association of asthma with score on the MHI between boys and girls (D,,.;action=0-75), and
between different ages (P, ..o, =0-86) More information about the interaction term, age

specific associations and sex specific association is shown in Supplement 2.

Associations between asthma severity and general health: self- and parent-reported
Adolescents with asthma were less likely to experience good or excellent health than their
peers without asthma (adjusted OR: 0.37; 95% CI: 0.26 to 0.51 for intermittent asthma and
0.33; 95% CI: 0.25 to 0.41 for persistent asthma) (Table 3). Secondary analyses identified no
differences in the associations of asthma with perceived general health between boys and
€irlS (D) eraction =0-69) and between different ages (P, ...cii0n =0-74) (Supplement 2).

A comparable pattern emerges when we analyzed the parental reports. Parents of
adolescents with asthma were less likely to rate their child’s health as good or excellent,
compared to parents of non-asthmatic adolescents (adjusted OR: 0.26; 95% CI: 0.17 to 0.41
for intermittent asthma, and 0.21; 95% CI: 0.15 to 0.28 for persistent asthma respectively)
(Table 3). Secondary analyses identified no differences in the associations of asthma with
parent-reported general health between boys and girls (p =0.99) and between
different ages (p =0.18) (Supplement 2).

interaction

interaction
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Table 3: Mental Health Index and perceived general health: differences and associations between
adolescents with no asthma (reference), mild asthma and severe asthma.

MHI-5, self-reported

Asthma status Crude B (95% CI) Adj. B (95% CI)
No asthma ref - ref -
Intermittent asthma -037 (-2.44;1.70) 051 (-1.49;2.52)
Persistent asthma -0.51 (-2:37;1.36) -0.50 (-2.24;1.25)

General health, self-reported

Asthma status Crude OR (95% CI) Adj. OR (95% CI)
No asthma ref - - -

Intermittent asthma 032 (0.23;0.44) 037 (0.26;0.51)
Persistent asthma 032 (0.25;0.41) 033 (0.25;0.41)

General health, parent-reported

Asthma status Crude OR (95% CI) Adj. OR (95% CI)
No asthma ref - - -

Intermittent asthma 0.24, (0.16;0.36) 0.26 (0.17;0.41)
Persistent asthma 0.21 (0.16;0.28) 0.21 (0.15;0.28)

Abbreviations: Adj.= adjusted. MHI=mental health index. Adjusted for: sex, age, parental allergy,
pubertal development, ethnicity, parental educational level, educational level of the adolescents
themselves.

DISCUSSION

This study, using data from a general population-based cohort, showed no significant
differences in mental wellbeing between adolescents with asthma and their peers without
asthma. However, adolescents with asthma and their parents were both less likely to
perceive the adolescent’s health as good or excellent than adolescents without asthma
and their parents. All associations were similar for boys and girls and across different ages.
Our findings provide insight into adolescents’ experience with asthma and are hopeful
and highlight the positive health approach: having asthma does not restrain them from
feeling mentally well during adolescence.

Despite differences in asthma definition, previous studies also reported that asthmatic
youth perceived a lower general health 3. However, the MHI-5 has not been used in
previously published studies to measure mental wellbeing in adolescents with asthma and
we therefore could not compare our results directly. In the previously published literature,
much attention has been paid to the association between asthma and QoL. With a meta-
analysis in their systematic review on QoL in pediatric patients with asthma, Silva etal
analyzed the association of asthma with psychological functioning *. Because overall
mental wellbeing is part of the definition of psychological functioning, next to individual’s
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behavior, emotions, and social skills, we compared the results of this meta-analysis with
our results 34 A slightly lower psychological functioning was reported for the adolescents
with asthma aged 11-18 years (mean difference -2.73 on a scale from 0 to 100; 95% CI, -5.38
to -0.09) compared with controls without asthma ®. This meta-analysis included 4 studies
from Turkey, Sri Lanka, Finland, and Germany, and all studies had a cross-sectional study
design 235737, The latter study used a QoL-instrument that measured mental wellbeing (in
the meta-analysis interpreted as psychological functioning) as one of their domains and
found no differences in mental wellbeing between adolescents with and without asthma
1, Two studies that were not included in this meta-analysis, both using a QoL instrument
that explicitly measures mental wellbeing as a separate domain, reported (just as the meta-
analysis) a lower mental wellbeing in adolescents with asthma 4. In our study, we observed
no differences in mental wellbeing between asthmatic and adolescents without asthma.

Some studies have stated that adolescents are more mature and, therefore, may experience
the emotional impact of asthma differently resulting in an improvement of mental
wellbeing during the transition from childhood to adolescence 2°. Other investigators
state that adolescence goes along with a negative impact on mental wellbeing because
treatment adherence is often a problem in adolescents with asthma 38. In our study, we
did not see any interactions between asthma and age, and therefore could not confirm the
suggestion that the association between asthma and mental wellbeing might change in
the course of adolescence.

Our results showed that adolescents with asthma and their parents were less likely to
perceive the adolescent’s health as good or excellent than the adolescents without asthma
and their parents. The association between asthma and perceived general health was
stronger for the parent-reported general health than for the self-reported general health.
Parents and children often have different perceptions of the child’s wellbeing, especially
when it comes to emotional and social domains. Chronically ill children and adolescents
generally score higher on these domains than their parents 394°. In contrast, healthy
adolescents report lower scores on emotional and social domains than their parents
41, In our study, the latter observation could explain why the association was stronger
for parent-reported general health. Parents of children without asthma perceived their
children’s general health more often as excellent or good than the children did themselves
(shown in Table 1).

This study had several strengths. We prospectively collected data in a large study
population and we took the severity of asthma into account, which is a potential influencer
of mental wellbeing and perceived general health. Furthermore, we used repeated
measurements of mental wellbeing and general health during adolescence and therefore,
did not draw conclusions based on 1 measurement at 1 time point. Last, we analyzed both
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self- and parent-reported outcomes, which are highly relevant as parents and children
often report differently on these outcomes 394°.

The participants of the PIAMA cohort were recruited from the general population from
several parts from the Netherlands 42. However, in the PIAMA birth cohort and therefore
in this study, parents from non-Western countries were under-represented. This factor
implies that our results may not be generalizable to populations with different ethnic or
cultural backgrounds.

The prevalence of chronic diseases among youth is high 2. Adolescents with and without
asthma may (also) have non-asthmatic chronic illnesses that might (negatively) impact
their mental wellbeing and perceived general health. However, we think that our results
are not affected by the presence of non-asthmatic chronic illnesses specifically in the
participants without asthma, because it is unlikely that these non-asthmatic illnesses
are more prevalent in adolescents without asthma than in the adolescents with asthma.

In long-term follow-up studies, selective loss to follow-up of low socioeconomic status
participants is acommon phenomenon. Attrition bias could, therefore, be introduced. The
percentage of participants with highly educated parents was only slightly higher at age 20
years than at baseline; 40.3% of the mothers and 44.2% of the fathers were highly educated
at the participants age of 20 years, whereas 35.0% of the mothers and 39.7% of the fathers
were highly educated at baseline (Supplement 3). This finding indicates that selective loss
to follow-up of participants from low socioeconomic status families has been limited and
is, therefore, unlikely to have biased our results.

In our study, the severity of asthma was defined by medication use #-%. Having asthma
symptoms under control, irrespective of frequency, type, or dose of medication, might
have a favorable effect on the burden of disease and subsequently on perceived mental and
general health. This finding would suggest that asthma severity would be best defined by
the level of asthma control. We do think that the type of asthma medication is a good proxy
to define asthma severity. Strong asthma medication, prescribed for persistent asthma,
can cause side effects and might provoke a feeling of dependency on the medication in the
patient. This could have a negative effect on perceived mental and general health and will
be less prominent in adolescents with intermittent asthma using milder medication such
as short acting bronchodilators.

Our conclusions on mental wellbeing are based on the MHI-5, which assesses anxiety and
depressed moods well, but it is less suitable as an indicator of behavioral and addiction
problems >42546, The MHI-5 is not designed to establish a clinical diagnosis. The MHI-5 is
well-known and often used as a measure of general mental wellbeing and it has been shown
that the MHI-5 performs remarkably well against other often-used and longer mental
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health questionnaires, such as the Mental Health Component Summary, the General Health
Questionnaire (GHQ-12)#, and the Hopkins Symptom Checklist (SCL-25) 254849,

This study highlights the positive health approach by showing that despite growing up
with asthma, affected adolescents can still experience a good mental wellbeing.
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SUPPLEMENT 1:

Asthma severity, based on medication use

Intermittent asthma: no medication use OR Airomir, Bricanyl, Salbutamol, Terbutaline,
Ventolin, Atrovent, Ipratropium, Berodual, Combivent, Cromoglicinezuur, Lomudal,
Natriumcromoglicaat, Nedocromil, Tilade. At age of 17: Grazax, Oralair

Persistent asthma: Aerobec, Alvesco, Beclometaso, Budesonide, Ciclesonide, Flixotide,
Fluticason, Pulmicort, Qvar, Foradil, Formoterol, Oxis, Salmeterol, Servent, Seretide,
Symbicort, Tiotropium, Spiriva, Montelukast, Singulair. At age of 17 and 20: Depo-medrol,
Dexamethason, Di-adreson F, Kenacort, Oradexon, Prednisolon, Triamcinolon
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SUPPLEMENT 2:

Test of Effect Models

Table 4: Test of Effect Models, p values of the interaction terms

Interaction term

MHI-5, self-reported

Wald x2 df p value
sex*asthma severity 03 2 0.86
age*asthma severity 3.4 6 0.75

General health, self-reported
Interaction term Wald x2 df p value
sex*asthma severity 0.7 2 0.69
age*asthma severity 35 6 0.74
General health, parent-reported

Interaction term Wald x2 df p value
sex*asthma severity 0.003 2 0.998
age*asthma severity 63 A 0.18

MHI-5=Mental Health Index-5
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Table 6: Mental Health Index and perceived general health: sex specific associations between
adolescents with no asthma (reference), mild asthma and severe asthma.

Boys Girls

MHI-5 Adj.p (95% CI) Adj.p (95% CI)
No asthma ref ref

Intermittent asthma -0.10 (-2.70;2.49) 1.20 (-1.89;4.29)
Persistent asthma -0.85 (-3.18;1.49) -0.12 (-2.69;2.46)
GH, self-reported Adj.OR (95% CI) Adj. OR (95% CI)
No asthma ref ref

Intermittent asthma 0.42 (0.25;0.68) 033 (0.22;0.50)
Persistent asthma 034 (0.24;0.47) 031 (0.21;0.45)
GH, parent-reported Adj. OR (95% CI) Adj. OR (95% CI)
No asthma ref ref

Intermittent asthma 0.26 (0.15;0.46) 0.27 (0.14;0.52)
Persistent asthma 0.21 (0.14;0.29) 0.21 (0.13;0.32)

Abbreviations: Adj.= adjusted; GH=general health; MHI-5=Mental Health Index-5; na=not applicable.
Adjusted for gender (boy/girl), family history of atopic disease in mother/ father, puberty scale,
ethnicity, highest attained education of parents and education of the children/adolescents themselves
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SUPPLEMENT 3:

Follow-up rate within the PIAMA study

Table 7: Participant characteristics for all participants and those who completed the 20-year follow-up

Baseline 20-year follow-up

Variable n/N (%) n/N (%)

Female sex 2053/3963 (51.8) 1040/2201 (473)
Maternal asthma and/or hay fever 963/3923 (24.5) 505/2181 (23.2)
Paternal asthma and/or hay fever 080/3928 (24.9) 546/2181 (25.0)
Dutch nationality 3327/3684 (903) 1971/2159 (913)
High maternal education 1331/3807 (35.0) 883/2190 (403)
High paternal education 1493/3761 (39.7) 959/2171 (44.2)
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CHAPTER 6

ABSTRACT

Objective

This study explores psychosocial wellbeing in adolescents with a physician diagnosed
chronic condition, with emphasis on the disparity between adolescents who self-report
their condition and those who do not.

Methods

This cross-sectional study included participants from the Dutch PROactive cohort aged
12-18 years with clinical diagnosis of chronic disease: auto-immune disease, cystic
fibrosis, congenital heart disease, nephrological condition, or a general pediatric condition.
Psychosocial wellbeing was assessed using self-reported indicators of life satisfaction,
self-rated health, psychosomatic symptoms, pediatric quality of life, anxiety, and
depression. We examined differences in psychosocial wellbeing among reporters and
non-reporters, both at a group level and within distinct disease categories. Potential
moderating effects of age, sex and socio-economic status (SES) on the association between
reporting status and psychosocial wellbeing outcomes were assessed.

Results

Of the 1,009 adolescents (mean age 15.4 + 1.6 years; 67.4% girls) 26.8% self-reported
having a chronic condition. Reporters consistently indicated worse psychosocial wellbeing
across all assessed sub-domains. When stratified for disease, this pattern was not always
replicated; similar deficits in wellbeing were only observed for the populations with an
auto-immune disease or a general pediatric condition. No clear moderating effects were
found for sex, age, and SES on the association between self-reporting of chronic disease
and psychosocial wellbeing.

Conclusions

Only a minority of adolescents with a physician diagnosed chronic condition self-report
as having a chronic disease. Adolescents with a self-reported chronic condition indicated
a lower psychosocial wellbeing, a pattern that seems to hold across some, but not all,
disease groups.
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INTRODUCTION

Population-representative studies revealed that approximately 5% of adolescents aged
11 to 16 years reported having a chronic condition *. These adolescents reported poorer
outcomes in a wide range of psychosocial wellbeing domains*. Moreover, previous research
showed that being female, being older, and having a lower socioeconomic status (SES)
has a negative effect on psychosocial wellbeing >-4. However, the lack of information on
the established clinical diagnoses of the adolescents in this sample limited our ability to
understand the relationship between self-reporting versus a physician diagnosed chronic
condition.

In contrast to the 5% prevalence of self-reported chronic conditions, based on healthcare
records approximately 25% of the youth have been clinically diagnosed with at least one
chronic somatic or psychiatric condition 5¢. A chronic condition is defined as a clinically
established diagnosis with persistent or recurring symptoms lasting more than three
to six months or occurring more than three times per year, requiring long-term use of
medications, treatments, or supportive devices ¢. Youth with a physician diagnosed chronic
condition generally report a significantly lower quality of life, are more prone to develop
psychosocial problems, often show delays in achieving psychosocial milestones, and are
less likely to be (financially) independent in young adulthood, compared to their healthy
peers -8, It remains unknown what the difference is between those who self-report their
condition (‘reporters’), and those who do not (‘non-reporters’), in relationship to their
clinical diagnosis and psychosocial wellbeing.

In this study we focused on adolescents with a physician diagnosed chronic condition
and examined differences in psychosocial wellbeing between reporters and non-
reporters. Secondly, to explore whether the clinical diagnosis played a role, we compared
psychosocial wellbeing of reporters and non-reporters across specific disease groups.
Lastly, we investigated whether sex, age, and SES moderated the associations between
self-report of a chronically condition and psychosocial wellbeing.

METHODS

Study design and study population

The PROactive cohort study is an ongoing longitudinal study that commenced in 2016 at
the Wilhelmina Children’s Hospital, part of the University Medical Center Utrecht, the
Netherlands focusing on fatigue, daily life participation, and psychosocial wellbeing 9.
Data is collected from children, aged 2-18 years, with a chronic condition. Children are
respectively included at least one year post-diagnosis of the chronic condition, or when
they present with complaints of long-lasting fatigue or pain 9. The current study included
the cross-sectional baseline data collected from participants aged 12-18 years, resulting
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in 1,009 inclusions. This specifically refers to the initial set of questionnaires adolescents
completed between December 2018 and March 2022.

The PROactive study was classified by the institutional review board as exempt of the
Medical Research Involving Human Subjects Act (16-707/C) and adhered to all local laws
and the declaration of Helsinki °.

Measures

Reporting having a chronic condition

Information about the medical diagnosis of each participant was derived from the hospital
electronic health record. To assess presence of self-reported chronic conditions, we
used a question from the Dutch Health Behaviour in School-aged Children (HBSC) 2017
questionnaire : “Is there someone in your home (the house or family where you are most of
the time) who has been physically and/or mentally ill or disabled for more than three months??
followed by a list of examples: “Examples of diseases and disabilities include: cancer, diabetes,
heart disease, depression, addiction, autism, intellectual disability.”. Adolescents reported
whether they themselves or someone else in their household had a condition. Based on
this answer, the adolescents were divided into two groups: adolescents with a medical
diagnosis who self-reported having a chronic condition (reporters), and adolescents with
amedical diagnosis who did not self-report having a chronic condition (non-reporters).

Psychosocial wellbeing

Psychosocial wellbeing was assessed using multiple indicators, including life satisfaction
213 self-rated health ', psychosomatic health 5, health-related quality of life ¢, and
symptoms of anxiety and depression 7.

Life satisfaction was assessed with the Cantril ladder using the question “How do you feel
about your life as a whole right now?” using a ladder analogy and possible answers range
from o (worst life you can imagine) to 10 (best life you can imagine). However, in the
PROactive study, the response options ranged from 1 to 10. The Cantril ladder is considered
avalid and reliable instrument for measuring life satisfaction in adolescents -2,

Self-rated health (SRH) was assessed using the HBSC-question ‘What do you think of your
own health?’ with response categories from 1 (excellent) to 4 (bad) *4. This construct is
widely employed globally and relates to the self-perception of health. It serves as a valid
predictor of both mortality and morbidity in adults 22,

Psychosomatic health was assessed using the HBSC-SCL, and it was expressed as a mean
score indicating how frequently specific symptoms were experienced. In total 10 symptoms
are assessed (e.g., having a headache, being nervous, or feeling dizzy), and the mean score
over these 10 symptoms is calculated ». A five-point Likert-scale was used to measure the
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frequency of the symptoms: from 1 (about every day) to 5 (rarely or never). The HBSC-SCL
has good psychometric properties and has also been validated in Dutch 232

Health-related quality of life (QoL) is measured using the Pediatric Quality of Life Generic
Core Scale 4.0 (PedsQL GCS), comprising 23 items rated on a 5-point Likert scale. The
response options range from o (never a problem) to 4 (almost always a problem) ». The
PedsQL GCS assesses four domains: physical functioning, emotional functioning, social
functioning, and school functioning. Answers were reverse coded to create a scale ranging
from 0 to 100, where higher scores reflect a higher quality of life.

The severity of self-reported anxiety symptoms and depressive symptoms was evaluated
using the Revised Child Anxiety and Depression Scale (RCADS), based on anxiety disorders
and depression criteria outlined in the Diagnostic and Statistical Manual of Mental
Disorders-IV 2¢. The questionnaire consists of 47 items, rated on a 4-point Likert scale,
ranging from 0 (never) to 3 (always). To assess anxiety symptoms, we used the total anxiety
subscale, based on 37 items, with a total score ranging from 0 to 111. To assess depressive
symptoms, we used the major depressive disorder subscale, based on 10 items, with a total
score ranging from 0-30. A higher score indicated more anxiety or depressive symptoms °.
Raw scores were transformed into normative T-scores based on sex and age and assessed
as a continuous measure where <65 = normal, 65-70 = borderline, >70 = clinical 7.

Individual characteristics

Age, sex, disease group, and SES were included as individual characteristics. The disease
groups were auto-immune disease, cystic fibrosis (CF), congenital heart disease (CHD),
nephrological conditions, and general pediatrics conditions.

The SES-score is calculated by the Statistics Netherlands, and based on the financial
prosperity, educational level, and recent employment history of residents of a
neighborhood administrative unit (four-digit postal code) *%. The SES-score is freely
available and presented in coefficients ranging from -7.0 to 3.1, with a higher coefficient
indicating higher SES . We ascertained the SES-score of our participants by referencing
their four-digit postal code as of January 1, 2019.

Statistical analysis

We used descriptive statistics to summarize the characteristics of the study population -
for the total population, and separately for the reporters and the non-reporters. To evaluate
demographic differences between reporters and non-reporters, we performed x2 tests for
categorical data, and for continuous data we used independent t-tests when the data were
normally distributed or Mann-Whitney-U tests for skewed distributed data. Spearman’s
rank correlation coefficients were used to examine the correlations between different
psychosocial wellbeing measures (Supplement 1).
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To assess differences in psychosocial wellbeing outcomes between reporters and
non-reporters, we used the same tests described above. To gain more insight into the
relationship between reporting status and psychosocial wellbeing in specific types of
chronic conditions, we performed these analyses stratified by disease group. Secondary
analyses were conducted to explore the potential moderation effects of the associations
between reporting status and psychosocial wellbeing outcomes by age, sex and SES. We
used generalized linear models with psychosocial wellbeing as the dependent variable
(each outcome analyzed separately), and two-way interaction terms between reporting
(yes, no) and potential moderators as the independent variables. Z-scores were employed
for the continuous variables (age and SES) in order to facilitate standardized comparisons.

We presented the beta with 95% confidence intervals for the main effects of reporting
status, age, sex, and SES. Significance levels were set at alpha < 0.05. In total, we ran four
tests on the same psychosocial wellbeing outcome: one test for our primary analyses, and
three tests -analyzing the associations with the outcome measure for each potential effect
moderator- as secondary analyses. To account for multiple comparisons in all analyses, a
post-hoc Bonferroni correction was applied. Consequently, for our outcomes, results with
a p-value of 0.0125 or lower were considered statistically significant. All analyses were
performed with SPSS 27.0 (IBM, Armonk, NY).

RESULTS

In total, 1,009 adolescents were included, with a mean age of 15.4 years (o =1.6), of which
67.4% were girls. Out of the total sample, 57.0% were patients with a general pediatric
condition, 26.4% had an auto-immune disease, 9.0% had a CHD, 5.1% had CF, and 2.7% had
anephrological condition. Of the patients with a general pediatric condition, 89.5% of 574
adolescents experienced persistent somatic symptoms (mostly pain or fatigue). Of these,
59.8% also had another chronic condition. The remaining 10.5% without persistent somatic
symptoms had another chronic condition, such as asthma, obesity, or a mood disorder.

Reporting status

In general, 26.8% (n = 270) reported having a chronic condition (Table 1). Individual
characteristics such as age, sex, disease group, and SES did not significantly differ between
reporters and non-reporters (Table 1). Among specific disease groups, the percentage of
reporters ranged from 23% (CHD) to 44% (nephrological conditions).

Differences in psychosocial wellbeing between reporters and non-reporters

Reporters demonstrated lower scores on all separate psychosocial wellbeing outcomes
(p-values ranging from <0.001 to 0.009) compared to non-reporters (Table 2). To be
more specific, reporters reported significantly lower life satisfaction (u = 6.3, 0 =1.9)
than non-reporters (u = 7.0, 0 = 1.7; p <0.001), poorer health (u = 3.1, 0 = 0.8) compared
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to non-reporters (u = 2.8, 0 = 0.8; p <0.001), and lower levels of psychosomatic health
(¢ =3.1, 0 =0.9) than non-reporters (i = 3.3, 0 = 0.9; p <0.001). In terms of health-related
QoL, reporters scored lower at the total score and each individual subscale, compared to
non-reporters (total score 62.8, o = 18.4, compared to total score 70.5, 0 = 16.3, p <0.001,
for subscale details, refer to Table 2). Finally, reporters reported more anxiety (u = 42.6,
0 = 11.8) and depressive symptoms (U = 54.4, 0 = 13.9) compared to non-reporters (anxiety:
U =40.2,0=9.9,p = 0.009; depressive symptoms: 1 = 49.8, 0 = 13.0, p < 0.001).

Relation between reporting status and psychosocial wellbeing across chronic conditions
When stratifying the analysis based on disease groups, similar results were observed
among adolescents with an auto-immune disorder (n = 266) and a general pediatric
condition (n = 574): reporters exhibited a lower psychosocial wellbeing in comparison to
non-reporters (Supplement 2). No significant differences were found in the psychosocial
wellbeing of reporters compared to non-reporters for adolescents with CF, CHD, and
nephrological conditions.

Moderating effects of sex, age and SES on the association between reporting status
and psychosocial wellbeing

The analyses exploring the moderating effects of demographic factors included main
effects and interactions with moderators. Replicating the results of the direct comparisons,
the main effects of reporters were negatively associated with psychosocial wellbeing,
meaning that reporters had worse psychosocial wellbeing compared to non-reporters
(Table 3). There was one exception: being an reporter was not associated with a higher
degree of anxiety (p = 0.03), when was tested for moderating effect of sex on reporting
status and anxiety symptoms. The main effect of sex was significant for all outcomes.
Girls were more likely to experience worse psychosocial wellbeing than boys. The main
effect age was only significant for the outcomes life satisfaction, self-rated health, and
psychosomatic health, indicating that older adolescents had worse outcomes on these
domains. No main effect for SES was found across all psychosocial wellbeing outcomes.
In general, no moderating effects for sex, age, and SES were found. We found indications
of an interaction between sex and reporting status on psychosomatic health (p = 0.03) and
on depressive symptoms (p = 0.04), although those results did not survive correction for
multiple comparisons.
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Table 1: Baseline characteristics for study population and stratified by reporting status

Individual characteristics Total Reporters Non-reporters p-value
n=1009 n=270 n=739
Age at baseline n=1009 15.4 £1.6 15.5 £1.6 153 £1.6 0.16
Sex n=1002 0.40
Male 322 (321 92 (342) 230 (3L4)
Female 680 (67.9) 177 (65.8) 503 (68.6)
Disease group 0.29
Auto-immune 266 (26.4) 72 (26.7) 194 (26.3)
Cystic fibrosis 51 (5.1) 14 (5.2) 37 (5.0)
Congenital heart disease 91 (9.0) 21 (7.8) 70 (9.5)
General pediatric conditions 574 (57.0) 151 (55.9) 423 (57.2)
Nephrological conditions 27 2.7) 12 (4-4) 15 (2.0)
Socioeconomic status® n=975 0.1 +0.2 0.1 +0.2 0.1 +0.2 0.49

Data are presented as n, mean + standard deviation or n (%).* Range -7.0 to 3.1.

Table 2: Differences in psychosocial wellbeing between reporters and non-reporters

Psychosocial wellbeing outcomes Total Reporters Non-reporters p-value
n=1009 n=270 n=739

Life satisfaction [range 1-10] n=1009 6.8 1.8 63 19 7.0 £1.7 <0.001

Self-rated health [range 1-4] n=1009 2.9 1.6 31 +0.8 28 +0.8 <0.001

Psychosomatic health [range1-5] n=1009 33 09 31 09 33 £0.9 <0.001

Health-related QoL [range 1-100] n=802 685 172 62.8 184 705 +16.3 <0.001

Physical 66.6 +235 59.2 +26.0 69.1 +22.1 <0.001
Emotional 68.8 £21.1 64.6 £211 703 %209 0.001
Social 79.7 #17.0 742 +19.6 81.6 +15.6 <0.001
School 60.0 $21.0 553 214 617 £20.7 <0.001

Internalizing symptoms [t-score]! n=932
Anxiety symptoms 40.8 105 42.6 +11.8 40.2 +9.9 0.009

Depressive symptoms 51.1 +13.4 54.4 +13.9 £49.8 +13.0 <0.001

Data are presented as n or mean + standard deviation. ! Raw scores were converted to normative
T-scores based on sex and age, where <65 = normal, 65-70 = borderline, >70 = clinical. QoL = Quality
of Life.
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CHAPTER 6

DISCUSSION

The present study aimed to investigate differences in psychosocial wellbeing among
adolescents with a physician diagnosed chronic condition who self-report or do not
self-report having a chronic condition. Out of the 1009 included adolescents with a
clinical diagnosis, 270 (26.7%) were reporters. Our findings revealed that reporters had
significantly worse outcomes in all psychosocial domains assessed. When stratified by
disease group, reporters with general pediatric conditions or with an auto-immune disease
indicated a significantly lower psychosocial wellbeing than non-reporters. No significant
differences between reporters and non-reporters were found for the adolescents with CF,
a CHD, and a nephrological condition. In general, no clear moderating effects of sex, age,
or SES, on the relationship between reporting status and psychosocial wellbeing, were
identified.

This study confirmed that reporting is associated with impaired psychosocial wellbeing,
consistent with previous population studies, while also extending their findings by
incorporating medical data from the study population . Interestingly, the majority
(73.2%) of adolescents with a physician diagnosed chronic condition did not self-report
having a chronic condition. The percentage of self-reporters varied among disease groups,
ranging from 23% (CHD) to 44% (nephrological conditions). Several hypotheses can be
proposed regarding factors that might influence reporting status. First of all, reporters
may experience more severe disease symptoms. Moreover, the extent to which one reports
having a chronic condition might be associated with the degree of perceived burden,
irrespective of the disease severity. Furthermore, environmental factors, including parents
and friends, can influence adolescents’ self-reporting of chronic conditions. Factors such
as disease knowledge, awareness, conversations about the illness, and social stigma or
acceptance within one’s social circles have been found significant in the context of self-
report 3°-32, Lastly, illness identity — how individuals construct or reestablish a new sense
of self, wherein the condition becomes integrated in their identity- might also have
influenced the decision to report having a chronic condition 3334 The PROactive cohort
structure with preset questionnaires limits detailed examination of these specific concepts
related to self-report, marking this study as an initial exploration and emphasizing the
need for more comprehensive research.

The negative correlation between reporting and psychosocial wellbeing prompts inquiry.
The hypotheses regarding self-report of a chronic condition could also be relevant
here. Factors such as increased disease severity, higher perceived burden, heightened
stigmatization, and negative illness identities may contribute to lower psychosocial
wellbeing. It is, for instance, recognized that individuals who share similar experiences
may interpret or evaluate those experiences differently 353¢. The level of perceived burden
influences subsequent stress responses 373, Furthermore, psychosocial wellbeing and
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reporting status could also be related with how adolescents evaluate their overall health.
In a previous study, children defined health as ‘feeling good about yourself’ and ‘being
able to participate’. Through interviews, six domains of health were identified, each with
various related aspects: body, feelings and thoughts, now and in the future, feeling good
about yourself, participation, and daily life 3. This aligns with the contemporary societal
perspective on health, characterized by a shift from a disease-centric perspective to a
broader, more all-encompassing approach to health with an increased emphasis on self-
management and the ability to adapt 4°. It is conceivable that non-reporting in our study
reflects perceived control over other health domains irrespective of the condition — and
is thus also related with better psychosocial wellbeing overall.

To gain a deeper understanding of the relationship between the medical diagnosis of
a chronic condition, reporting status and psychosocial wellbeing, further exploration
involving larger sample sizes including diverse disease groups with corresponding
severity measures is essential. The complex interplay among individual characteristics,
environmental factors, and the broader healthcare system demands additional in-depth
research. Capturing this complexity might pose a challenge for quantitative studies
alone, underscoring the potential utility of a mixed-methods approach. Enhancing our
understanding in this area will contribute to shifting the healthcare professionals’ focus
towards a more patient-centered model of care with a broader perspective on health,
moving beyond traditional disease-centered paradigms.

In the present study, we evaluated a comprehensive sample drawn from a large academic
pediatric hospital in the Netherlands, encompassing adolescents with diverse disease
types. Owing to the known medical information, we were able to further illuminate the
previously delineated discrepancies between the prevalence of physician diagnosed
and self-reported chronic conditions. Several limitations of this study warrant
acknowledgment. First, the cross-sectional design precludes causal inferences between
reporting status and psychosocial wellbeing. Additionally, the representativeness of the
PROactive cohort may be limited due to the recruitment of patients from an academic
hospital, characterized by specific diagnoses, post-establishment of chronic disease
diagnosis, and a relatively elevated SES in contrast to the broader population. Besides that,
the proportion of patients with a general pediatric condition, a heterogeneous group, adds
complexity to our findings. However, the diversity in disease types, age, and sex within
the sample may mitigate this limitation to some extent. Lastly, the neighborhood-based
SES measure might not fully reflect individual socio-economic nuances.
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CONCLUSION

This study revealed that only a minority of adolescents with a physician diagnosed
chronic condition self-report as having a chronic disease. Reporters indicated a lower
psychosocial wellbeing, a pattern that seems to hold across some, but not all, disease
groups. The findings of this study underscore the need to adopt a multidimensional
healthcare perspective that emphasizes the transition from a disease-centric toward a
more individual-centric approach.
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SUPPLEMENT 2:

Psychosocial functioning per disease group, stratified by identification status

Auto-immune disease Total Reporters  Non-reporters p
n=266 n=72 n=194

Life satisfaction [range 1-10] 73 +1.6 7.0 +1.7 75 +1.5 0.02

Self-rated health [range 1-4] 25 +0.8 2.8 +0.8 2.4 +0.8  <0.001

Psychosomatic health [range 1-5] 3.7 +0.9 3.4 +1.0 3.9 +0.8  <0.001

Health-related QoL, total [range 1-100]  76.6 +15.6 712 +17.4 78.4 +14.6  0.002

Physical 763  £20.4 711 20.4 78.1 £20.2 0.01
Emotional 75.8  +20.0 69.2 £23.0  78.0 +185  0.01
Social 849 162 80.0 195 865 £14.7 0.03
School 69.6 189 64.6 +20.8 71.2 +18.0 0.02

Internalizing symptoms [t-score] *

Anxiety symptoms 38.9 +103 43.2 +13.8 373 +8.0 0.004
Depressive symptoms 45.0 +12.3  50.4 +16.1 42.8 +9.7 0.001
Cystic Fibrosis Total Reporters  Non-reporters p
n=51 n=14 n=37
Life satisfaction [range 1-10] 7.4 1.6 75 +13 7.4 £1.7 0.81
Self-rated health [range 1-4] 2.5 +08 23 0.8 2.5 +0.8 0.54
Psychosomatic health [range 1-5] 3.9 +0.7 3.6 +0.7 4.0 +0.7 0.12

Health-related QoL, total [range 1-100] ~ 77.0 153 76.8 +15.6 771 +15.4 0.96

Physical 78.6 +19.4 80.1 187 781 +19.8 0.78
Emotional 74.8 £205 727 £21.4 75.6 +20.4 0.59
Social 86.7 142 89.2 159 85.8 +13.7 0.25
School 67.0 +17.0 635 £17.6 68.8 +16.8 038
Internalizing symptoms [t-score]
Anxiety symptoms 38.2 +9.2 412 £99 36.9 +8.7 0.18
Depressive symptoms 449  £107 471 £9.4 440 $112 027
Congenital heart disease Total Reporters  Non-reporters p
n=91 n=21 n=70
Life satisfaction [range 1-10] 7.4 +1.4 7.1 +1.0 75 +1.4 034
Self-rated health [range 1-4] 2.2 +0.7 2.4 +0.6 2.1 0.7 0.17
Psychosomatic health [range 1-5] 3.8 +0.8 3.6 09 3.9 +0.7 0.14
Health-related QoL, total [range 1-100]  77.0 127  70.4  #15.1 78.7 £115 0.03
Physical 77.8 +19.8 673 +24.6 805 +17.7 0.06
Emotional 749 174 727 £16.8 755 +17.6 058
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Psychosocial functioning per disease group, stratified by identification status (continued)

Social 825 +16.0 75.4 187 84.3 +14.9 0.11
School 723  #16.4 681 122 73.4 +175 030
Internalizing symptoms [t-score] !
Anxiety symptoms 40.0 +9.0 40.8 +89 39.8 +9.1 0.63
Depressive symptoms L1.2 +11.1  45.4 +10.6 43.8 +11.3 039
Nephrological conditions Total Reporters  Non-reporters p
n=27 n=12 =1
Life satisfaction [range 1-10] 7.8 +1.4 73 +1.6 83 +1.0 0.05
Self-rated health [range 1-4] 23 +0.7 2.4, +0.8 2.2 +0.7 0.45
Psychosomatic health [range 1-5] 3.9 +0.9 3.8 +1.0 41 +0.8 0.43
Health-related QoL, total [range 1-100] ~ 82.8 +15.7 80.0 +16.2 853 +15.5 0.43
Physical 86.1 +17.6  85.8 +14.0 865 +21.0 0.49
Emotional 79.6 +183 76.4 £19.3 825 +17.8 038
Social 870  £17.0 814 19.8 92.1 £12.9 0.12
School 76.5 +20.8 732 225 79.6 +19.6 0.47
Internalizing symptoms [t-score] !
Anxiety symptoms 37.2 £95 391 9.4 35.7 +9.7 0.13
Depressive symptoms 39.7 +9.5 42.8 119 37.2 +6.5 0.14
General pediatric conditions Total Reporters  Non-reporters p
n=574 n=151 n-423
Life satisfaction [range 1-10] 63 1.8 57 19 6.6 +17  <0.001
Self-rated health [range 1-4] 3.2 +0.7 35 +0.6 3.1 +0.7  <0.001
Psychosomatic health [range 1-5] 2.9 +07 27 07 2.9 £07  0.003

Health-related QoL, total [range 1-100] 613 +15.4 543  #15.1 63.6 +14.7  <0.001

Physical 57.4 +223 472 £23.9 60.9 £20.6  <0.001

Emotional 629  £20.6 592 £19.4 64.2 +20.9 0.24

Social 75.4 167 68.6 183 77.8 +155  <0.001

School 515 +19.2  46.4 £187 533 £19.1  0.001
Internalizing symptoms [t-score] !

Anxiety symptoms 421 +10.8 429 115 41.8 +10.5 038

Depressive symptoms 55.6 +12.5 58.6 +12.0 54.5 +12.6  <0.001

Data are presented as n or mean + standard deviation. ! Raw scores were converted to normative
T-scores based on sex and age, where <65 = normal, 65-70 = borderline, >70 = clinical.






L
1
¥
<
.
%

e
L A%

PART



RESILIENCE IN THE FACE OF THE
CORONAVIRUS DISEASE 2019
(COVID-19) PANDEMIC



& 0

& %%
|

3

. ',‘.é:l o 4
Y
it



CHAPTER

GENDER-SPECIFIC CHANGES IN LIFE
SATISFACTION AFTER THE
COVID-19-RELATED LOCKDOWN

IN DUTCH ADOLESCENTS:

A LONGITUDINAL STUDY

Sabine E.I. van der Laan, Catrin Finkenauer, Virissa C. Lenters, Anne-
Laura van Harmelen, Cornelis K. van der Ent, Sanne L. Nijhof

Journal of Adolescent Health. 2021;69(5):737-745



CHAPTER 7/

ABSTRACT

Purpose

The purposes of this study were to assess whether mental wellbeing has changed after
introduction of the lockdown measures compared with that before, whether this change
differs between boys and girls, and whether this change is associated with COVID-19—
related concerns.

Methods

This is a two-wave prospective study among Dutch adolescents using data collected up to
one year before the COVID-19 pandemic (n = 224) and 5—8 weeks after the first introduction
of lockdown measures (n = 158). Mental wellbeing was assessed by three indicators: life
satisfaction, internalizing symptoms, and psychosomatic health. General linear model
repeated-measures analysis of variance was used to assess whether mental wellbeing
has changed and if this differed by sex. Univariate linear regressions were used to assess
associations between COVID-19-related concerns and a change in mental wellbeing.

Results

Life satisfaction decreased (n”, = 0.079, p<0.001), but no change in internalizing symptoms
was observed (r]zp = 0.014, p=0.14), and psychosomatic health increased (r]zp =0.194,
p<0.001) after the introduction of lockdown measures. Boys scored significantly better
on all mental health indicators compared to girls at baseline and follow-up. However, boys’
life satisfaction significantly decreased at follow-up (n?, = 0.038, p=0.015), whereas girls’
life satisfaction did not change. Concerns about COVID-19 were significantly associated
with a lower life satisfaction and more internalizing symptoms.

Conclusions

Adolescents’, especially boys’, life satisfaction decreased during the lockdown. They
reported no change in internalizing symptoms and an improved psychosomatic health.
Adolescents’ mental wellbeing is expected to vary during the COVID-19 pandemic and
should continue to be monitored.
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INTRODUCTION

The coronavirus disease (COVID-19) outbreak rapidly progressed to a pandemic, affecting
most countries globally . Governments are implementing strict measures to control the
spread of the virus that is responsible for this pandemic. Due to lockdown measures,
such as school closures, quarantine and social distancing, millions of people worldwide
face unprecedented periods of social isolation and stress *. Many families and children in
particular are affected in multiple ways; school closures disrupt daily life structure and
social interaction of all affected children and adolescents, and may lead to parents having
to combine home schooling and work at the same time 2. Recent narrative reviews and
reports highlight the need for empirical research focusing on the effect of the pandemic
on mental wellbeing in youth 3-¢.

Adolescence is a key developmental time period marked by rapid neurocognitive and
social developmental changes, as well as the first emergence of numerous mental health
disorders 7°. During the adolescent years, young people spend increasingly more time with
their peers, friendships grow stronger, and young people are more influenced by peers than
adults 912, Over these years, friendships are instrumental aspects of adolescent mental
health and wellbeing 3. Therefore, adolescents may be particularly susceptible to the social
effects of lockdown measures. Indeed, scholars have warned that the pandemic could lead
to a lower life satisfaction, increased stress, and mental health disorders in adolescents
115, So far, several empirical articles have been published on various indicators of mental
wellbeing in adolescents.

Studies, conducted in China and the Netherlands, reported a high prevalence of anxiety and
depressive symptoms among children and adolescents (age range 8-18 years), especially
girls, during the pandemic *-¢. However, the above studies used cross-sectional designs
and as such cannot disentangle whether the high prevalence of these symptoms is the
effect of the pandemic. Longitudinal data with baseline measures assessed prior to COVID-
19 are required to better understand the isolated, potentially causal, effects of lockdown
measures on mental wellbeing in young people 3-6%. Several longitudinal studies reported
on adolescent mental wellbeing in response to COVID-19 lockdown measures and found
that anxiety and depressive symptoms increased in youth living in The Netherlands,
Australia and North-America 2023, and life satisfaction deteriorated during the first full
lockdown in youth (8-18 years) living in Australia and North-America > These negative
changes in mental wellbeing were more pronounced in girls compared to boys . A large
international collaborative effort using data of twelve longitudinal studies (ten performed
in the USA, one in the Netherlands, and one in Peru) identified an increase in depressive
symptoms in adolescents (mean age 15.4 years) *. Although most countries have been
affected by this COVID-19 pandemic, all national governments have implemented their
own set of restriction measures to stop the spread of the virus. It is yet unknown whether
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the above findings are generalizable to other populations and, whether Dutch adolescents
show a similar change in mental wellbeing after introduction of the lockdown measures.

Therefore, this two-wave prospective study among Dutch adolescents aimed to assess
whether mental wellbeing changed after the introduction of lockdown measures by
comparing mental wellbeing assessed up to one year prior to COVID-19 (baseline; n=224)
with that measured between 5-8 weeks after the first introduction of lockdown measures
(follow-up; n=158); whether changes differed between boys and girls; and whether changes
were associated with adolescents’ concerns about COVID-19 and lockdown measures. Based
on the current literature we expected that adolescent mental wellbeing would decrease
after introduction of lockdown measures compared to before the pandemic.

METHODS

Study design and study population

Baseline; up to a year before the COVID-19 pandemic

Data were obtained from an ongoing population-based birth cohort study in the
Netherlands, named WHISTLER. The original aim of WHISTLER was to investigate
determinants for wheezing illnesses 2. Between 2001 and 2012 newborns were recruited
from the general population (n=2,456 at baseline) in a fairly affluent, and newly built
suburb of Utrecht, the Netherlands. The participants have been followed at age of 3, 5and 8
years, and over the years not only determinants of wheezing illnesses were researched but
also many other topics. In March 2019, we invited the 12-16 year old WHISTLER participants
to complete a questionnaire and undergo a health assessment. One of the primary aims
was to assess their mental wellbeing during adolescence. Due to the start of the COVID-19
pandemic, we had to stop this follow-up round, but up to then 224 adolescents completed
the questionnaires (52.7% girls, mean age (SD) 14.82 (1.24) years). Ethical approval for
WHISTLER (file number: NL66918.041.18) was obtained from the Medical Ethics Review
Committee of the University Medical Center Utrecht. Participants and their parents or
legal guardians provided active written informed consent.

Follow-up: 5-8 weeks after introduction of lockdown measures

In the Netherlands, the first COVID-19 confirmed patient was diagnosed February 27, 2020,
and starting on March 15 a partial lockdown was enforced, meaning closure of school
and child care facilities (except for children of parent(s) with a profession classified as
essential), as well as sport clubs, bars and restaurants. In contrast to many other Western
countries, Dutch citizens were allowed to receive up to three visitors, to go outside (without
proof of the essentiality to go outdoors), and children were allowed to play outside without
social distancing. On May 11, primary schools partially reopened and on June 2 secondary
schools followed 2.
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To indicate the stringency of the Dutch lockdown measures in comparison with other
lockdowns, we used the Oxford COVID-19 Government Response Tracker (OxCGRT)
to establish a lockdown stringency index of the Dutch lockdowns based on composite
measure of nine different lockdown measures. The index has values ranging from o to
100 (100 = strictest) 7. This stringency index has been available from 1 January 2020, and
identified that the stringency of the Dutch lockdown was 78.70 around April 2020.The
22/ adolescents were invited to complete a follow-up questionnaire, regarding mental
wellbeing and adolescents’ concerns about COVID-19 and lockdown measures. We sent
the questionnaires on April 18 (5 weeks after introduction of lockdown measures) and the
participants were able to complete the questionnaire until May 8.

The vast majority of adolescents completed the baseline questionnaire well ahead of the
start of the pandemic: the mean time between baseline and follow-up assessment was
227 days (range 46-405 days). A few adolescents completed the questionnaire 1.5 months
before the start of the pandemic and at that point of time COVID-19 did not have a major
impact on daily life in the Netherlands as the first Dutch case of COVID-19 was identified
on February 27, 2020 (17 days before the start of the pandemic).

Mental wellbeing, measured at baseline and follow-up

In the WHISTLER cohort, mental wellbeing was assessed using three indicators: life
satisfaction, internalizing symptoms, and psychosomatic health using the Cantril ladder
2829 the Revised Child Anxiety and Depression Scale (RCADS) 3°, and Health Behavior in
School-aged Children Symptom Checklist (HBSC-SCL) 2017 3!, respectively. To investigate
whether mental wellbeing changed from baseline to follow-up, we assessed the same
instruments at follow-up. The specifics of these measures are described in short below;
refer to Supplement 1 for full details about the instruments’ content, subscales, items,
values and Cronbach’s alpha.

Life satisfaction was assessed with the Cantril ladder, a validated and reliable instrument
to measure life satisfaction in adolescence 3>-37. The Cantril ladder includes one question
“Looking at the past 3 months, how do you feel about your life?” and adolescents answered
this question on a scale from 0 to 10 (10 = best possible life) 32-37. The Cantril ladder is shown
to be valid and reliable in adolescents 3¢37.

The RCADS is used to assess the severity of self-reported anxiety and depressive symptoms
based on selected Diagnostic and Statistical Manual of Mental Disorders-IV anxiety
disorders and depression, using multiple subdomains °. As in our study the correlation
between the subdomains ‘anxiety’ and ‘major depressive disorder’ was r>0.7, we choose to
analyze these subdomains together as internalizing symptoms. Raw scores were converted
into gender and age-normed T-scores and evaluated as a continuous score.
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Psychosomatic health complaints are symptoms that are often related to psychosocial
factors, such as stress 3. Psychosomatic health was measured with the Health Behavior
in School-aged Children Symptom Checklist (HBSC-SCL) 2017 3. Psychosomatic health
is expressed in the mean score of all 10 symptoms, such as having a headache, being
nervous, or feeling dizzy. The higher the mean score, the better psychosomatic health
one is experiencing meaning that one is feeling little stress. The HBSC-SCL has good
psychometric properties and has also been validated in Dutch 394,

Although some questions/symptoms seem to overlap between psychosomatic health
and internalizing symptoms, we are measuring two different constructs. Internalizing
symptoms were measured by the RCADS, a validated scale based on the DSM criteria of
anxiety and depressive symptoms. Stress, indicated as a low psychosomatic health, could
be associated with (and might lead to) anxiety and depressive symptoms, however, it could
also stand on itself. Moreover, sometimes adolescents experience stress not on a mental
level but only on a physical level (being dizzy, having a stomachache, or having a headache).
Therefore, it is of relevance to measure both internalizing symptoms and psychosomatic
health.

Concerns about COVID-19 and lockdown measures, measured at follow-up.

At follow-up, we assessed adolescents’ concerns about COVID-19 and lockdown measures
using a Dutch translation of the COVID-19 Adolescent Symptom & Psychological Experience
(CASPE) Questionnaire developed by Ladouceur (2020) (concept version April 1, 2020, see
Supplement 2) 42,

The CASPE Questionnaire included 16 items about COVID-19 and lockdown measures-
related concerns, such as: “I'might get sick”, “people might die if they get sick”, “parents
might lose their job”, and “not going to school”. A 5-point Likert scale was used to measure
the extent of concern: 1) ‘very little or not at all’, 2) ‘a little’, 3) ‘some’, 4) ‘alot’ or 5) ‘a
great deal’. As these 16-items are not yet validated, we used factor analysis to explore
whether there were underlying factors that explained variance across sets of items. To
do so, we used exploratory factor analyses using orthogonal rotation (varimax). Based on
Kaiser’s criterion of >1 and the scree plot, we retained four factors. Factor 1 explained 14.9%
of variance across 4 items that represented ‘concerns about health’. Factor 2 explained
12.6% of variance across 6 items representing ‘concerns about social consequences of
lockdown measures’. Factor 3 explained 6.7% of variance across 3 items that represented
‘concerns about financial matters’. Finally, factor 4 explained 5.8% of variance across
3 items representing ‘concerns about family relations’. The factor loadings are shown
in Supplement 3. The Pearson correlation between the four factors ranged between the
0.012-0.200, indicating that all factors measure a different construct.
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Statistical analyses
We used descriptive statistics to summarize the characteristics of the study population
at baseline (N=224) and follow-up (N=158).

To assess whether mental wellbeing changed after the introduction of the lockdown
measures and whether this change differed between boys and girls, we used a general
linear model (GLM) repeated measures analysis of variance (RMANOVA) for each
mental wellbeing indicator separately. We specified wellbeing at baseline and follow-
up as a repeated measure, and gender as predictor. We further specified a gender*time
interaction term. We used partial eta squared (n?)) as measure of effect size. Additionally,
McNemar’s Chi-squared tests were used to analyze whether the frequency of occurrence
of psychosomatic symptoms differed between baseline and follow-up.

To assess whether a change in mental wellbeing was associated with adolescents’ concerns
about COVID-19 and lockdown measures, we conducted linear regressions with each
mental wellbeing indicator assessed after the introduction of the lockdown measures as
a dependent variable and one of the four factors, derived from the factor analysis, as an
independent variable. We performed these univariate linear regressions on all four factors.
Associations were expressed as differences ({3s), and adjusted for the mental wellbeing
indicator score as assessed before the pandemic and gender.

A p-value <0.05 was considered statistically significant. All analyses were done with SPSS
25.0.

RESULTS

Study population

In total, 158 adolescents (ngms:94, mean age (SD) 15.53 (1.25) years), representing 70.5% of
the 224 baseline participants, also completed the questionnaire at follow-up (see Table 1
and Figure 1). Adolescents that were willing to complete the follow-up questionnaire were
not different from those that were not with respect to the distribution of age (p=0354),
ethnicity (p=0.421) and educational level (p=0.566). However, more girls were willing to
complete the follow-up questionnaire. Of these 158 adolescents, 96.2% has a Western
ethnicity, and 93.04% of the adolescents has a parent with a high or intermediate level
of education.
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Table 1: Demographics of the study population completing questionnaire before the COVID-19
pandemic and after introduction of lockdown measures

Demographics Before (n=224) After (n=158)
Age in years, mean (SD) 14.82 (1.24) 15.53% (1.25)
Gender (%)
- Girl 118 (52.68) 94 (59.49)
Educational level of the adolescent** (%)
-+ Primary school 3 (134) 2 (1.26)
- Low 52 (23.21) 34 (21.52)
+ Intermediate 63 (28.13) 39 (24.68)
- High 101 (45.09) 79 (50.00)
- Special education 8 (3.57) (b (2.53)

*calculated based on completion date of follow-up questionnaire

**low: pre-vocational secondary education; intermediate: higher general secondary education or
intermediate vocational education; high: pre-university education, higher vocational education and
university

Figure 1: Prevalence of COVID-19 confirmed cases, hospital admissions, and deaths, stringency index,
and specific time points of the current study.

Life satisfaction

At follow-up, life satisfaction decreased (F(1,153)=13.195, p<0.001, nzp:0.079) after the
introduction of lockdown measures when compared to baseline assessments (Table 2).
There was a significant main effect of gender on life satisfaction (F(1,153)=22.187, p<0.001,
n?,=0.127), such that boys had a significantly higher life satisfaction both at baseline and
follow-up compared to girls. Moreover, there was a significant interaction between gender
and time since lockdown onset on life satisfaction F(1,153)=6.034, p=0.015, nzp:0.038),
meaning that boys’ life satisfaction decreased at follow up compared to their baseline life
satisfaction, while the girls’ life satisfaction did not significantly change over time (Figure 2).
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The factor ‘concerned about social consequences of lockdown measures’ was significantly
associated with a lower life satisfaction (adjusted (3:-0.25, 95% CI: -0.43;-0.06, p=0.01)
(Table 3). The factors ‘concerns about health’ (adjusted (3:-0.04, 95% CI: -0.23;0.14, p=0.64),
‘concerns about financial matters (adjusted {3: -0.02, 95% CI: -0.23;0.19, p=0.86) and
‘concerns about family relations’ (adjusted {3:-0.15, 95% CI: -0.37;0.08, p=0.21) were not
significantly associated with a lower life satisfaction.

Internalizing symptoms

At follow-up, the adolescents did not report more internalizing symptoms (F(1,151)=2.152,
p=0.144, nzp:0.014) after the introduction of lockdown measures when compared to baseline
assessments (Table 2). There was a significant main effect of gender on internalizing
symptoms (F(1,153)=12.486, p=0.001, n?,=0.127), meaning that boys had significantly less
internalizing symptoms when compared to girls, both at baseline and follow-up. No
significant interaction between gender and time of assessment on internalizing symptoms
F(1,153)=0.018, p=0.573, nzp:o.ooz) was observed (Figure 2).

The factors ‘concerns about health’ (adjusted (3:1.93, 95% CI: 0.53;3.33, p=0.01), ‘concerns about
social consequences of lockdown measures’ (adjusted (3: 2.39, 95% CI: 0.96;3.81, p=0.001), and
‘concerns about family relations’ (adjusted (:2.41, 95% CI: 0.73;4.08, p=0.01) were associated
with more internalizing symptoms. The factor ‘financial matters’ was not associated with
more internalizing symptoms (adjusted 3:-0.74, 95% CI: -2.47;0.99, p=0.40) (Table 3).

Psychosomatic health

At follow-up, our sample reported significantly better psychosomatic health
(F(1,152) =36.544, p<0.001, nzp:0.194) after the introduction of lockdown measures when
compared to baseline assessments (Table 2). There was a significant main effect of gender
on psychosomatic health (F(1,152)=16.405, p<0.001, n*,=0.097), with boys displaying
significantly better psychosomatic health than girls, both at baseline and follow-up. There
was no significant interaction between gender and time of assessment F(1,152)=0.100,
p=0.752, n*,=0.001) on psychosomatic health (Figure 2).

Contrary to our expectations, psychosomatic health improved over time, and therefore,
in an exploratory analysis, we assessed changes in specific psychosomatic symptoms
(Supplement 4). Adolescents were able to fall asleep more easily (41.52% vs 20.25%),p<0.01)
during the lockdown compared to before the pandemic. .

None of the factors were associated with a worse psychosomatic health (‘concerns about
health’ (adjusted 3:-0.04, 95% CI: -0.12;0.04, p=0.30), ‘concerns about social consequences
of lockdown (adjusted B:-0.08, 95% CI: -0.17;0.00, p=0.06), ‘concerns about financial
matters (adjusted (: 0.08, 95% CI: -0.01;0.17, p=0.09), ‘concerns about family relations’
(adjusted B:0.01, 95% CI: -0.09;0.11, p=0.88)) (Table 3).
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Figure 2: Changes in mental wellbeing after introduction of the lockdown measures compared to
before the pandemic.
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DISCUSSION

Main results

In this two-wave prospective study among adolescents, we investigated whether
adolescent mental wellbeing changed after the introduction of lockdown measures,
whether changes differed between boys and girls, and whether changes were associated
with adolescents’ concerns about the COVID-19 and lockdown measures. At 5-8 weeks
following the introduction of the lockdown measures in the Netherlands, life satisfaction
decreased compared to baseline (up to one year before the COVID-19 pandemic), but
internalizing symptoms did not change. Contrary to expectations, our study sample
reported an improved psychosomatic health at follow-up, when compared to baseline. Boys
scored better on all three mental health indicators compared to girls both at baseline and
follow-up. However, boys’ life satisfaction significantly decreased over time, whereas girls’
life satisfaction did not change. Adolescents’ concerns about COVID-19 and the lockdown
measures were significantly associated with lower life satisfaction and more internalizing
symptoms.

Results in the context of previous literature

Life satisfaction during COVID-19-related lockdown restrictions decreased (stringency
index: 78.80), which is in line with two longitudinal studies reporting that life satisfaction
of Australian adolescents decreased during the pandemic compared to before (stringency
index: 65.74 - 69.44) >>*. It should be noted that the findings could be specific for
adolescents, as a decline in life satisfaction was not observed in younger children (aged
8-10 years, stringency index: 50.46-65-74) living in South Korea nor in Chinese youth (aged
6-17 years) (stringency index: 79.17-81.02) %44, In contrast to life satisfaction, there was
no change in internalizing symptoms observed in our sample. However, a high prevalence
of anxiety and depressive symptoms was observed among Chinese adolescents (12-18
years old) 7 during the pandemic (stringency index: 56.94-81.02). Similarly, a Dutch
sample (aged 8-18 years) reported more anxiety and depressive symptoms during the
pandemic (stringency index:78.80) than a similar sample of children and adolescents in
2017-2018 8. Dutch adolescents and young adults (10-25 years old) experienced higher
depression levels during the pandemic (stringency index: 78.70-65.74) compared to
younger adolescents 2. Moreover, Australian youth (8-18 years old) (stringency index:
65.74 - 69.44) and adolescents (aged 14-17) living in the USA (stringency index: 67.13-72.69)
reported more anxiety and depressive symptoms in the initial phase of the pandemic
than before »2245. Additionally, Barendse et al. (2021) found an increase in depressive
symptoms in an international sample of adolescents (mean age 15.4 years) during the
pandemic compared to before, especially for biracial/multiracial adolescents *4. There
might be several explanations for the differences in observations. First, the some of
the above described studies used cross-sectional designs 7 or did not have any pre-
pandemic measures %3, and as such these studies cannot speak to potentially causal, effects
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of lockdown measures: the high prevalence of anxiety and depressive symptoms could be
pre-existing. Second, although all children and adolescents were encouraged to stay at
home, the social distancing rules have been differently applied to youth between countries.
For instance, Dutch youth younger than 18 years old, and youth younger than 16 years old
living in the United Kingdom did not have to comply to social distancing rules 4¢47. This
is in contrast to e.g. Australia and China, where social distancing rules were applied to
all children 484, Third, there might be a difference in experienced loneliness between
the different study populations in the above mentioned studies. Luchetti et al. examined
COVID-19-related effects on loneliness in the USA and reported that, although people
were physically isolated as a consequence of the social distancing measures, there was no
increase in loneliness in the first 4-8 weeks after implementation of lockdown measures
50, Feeling socially supported might have acted as a protective factor against internalizing
symptoms, because friendship quality aids resilient functioning in adolescence and could
therefore be a protective factor 3595, Due to the lack of sufficient data, we were not able
to test this suggestion in our sample. Therefore, future research could examine whether
friendship interactions and/or social support remained comparable at follow-up as
before and whether this acted as protective factor on internalizing symptoms. Moreover,
it is conceivable that loneliness increases as the pandemic continues. Therefore, future
research might also focus on the role of loneliness on internalizing symptoms during
this pandemic.

Interestingly, the COVID-19 pandemic might even have a positive effect on adolescents’
mental wellbeing as our study found that adolescents had a better psychosomatic health
during the COVID-19-related lockdown compared to before the pandemic. Specifically,
on average, our sample was able to fall asleep more easily. During puberty, hormonal
changes alter the homeostatic and circadian regulation of sleep with the result that
adolescents tend to stay up and sleep in later 5>. This altered sleep rhythm often conflicts
with early school start times. At the time of completing the questionnaires, schools in the
Netherlands were closed and the majority of adolescents attended their classes online.
It is conceivable that this allowed our sample of adolescents to stay up late and sleep in,
resulting in a better alignment of their sleep-wake behavior with their circadian rhythm.
Both Munasinghe et al. and Orgilés et al. also reported that youth more often slept eight
hours or longer during the COVID-19-related lockdown when compared to their rhythms
prior to the pandemic 2°53. In pre-pandemic studies it is shown that particularly for
adolescents, chronic sleep loss is a common phenomenon. Sleep deprivation might lead
to alower mental and physical health, and therewith represents an important health risk
54-57, Studies showed that delaying school start times lead to better alignment of circadian
system and therefore result in better sleep quantity and quality. Moreover, delaying
school start times is associated with less mental health issues, better physical health,
and higher academic performances 55558-¢0, As multiple studies, including this current
study, showed that adolescents’ sleep improved 2°53 during the pandemic probably due to
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a better alignment of their sleep-wake behavior with their circadian rhythm, national
governments may consider possibilities that could enhance this alignment, e.g. by delaying
school start times.

Mental wellbeing change differed between boys and girls. Although boys scored better on
all three mental wellbeing indicators compared to girls, their life satisfaction decreased
whereas girls’ life satisfaction did not significantly change. Our findings are in line with
those that show that adolescent girls, on average, have lower mental wellbeing than boys
7. However, Magson et al. reported that a decline of life satisfaction in adolescents (aged
13-16 years) during the pandemic was particularly pronounced in girls *. There might
be multiple explanations why boys’ life satisfaction decreased, about which we can only
speculate. For instance, boys are more likely to hang out in groups, whereas girls tend
to spend more time in friendship dyads ¢-¢>. The lockdown measures discouraged group
gatherings which might affected boys’ life satisfaction more than girls’ life satisfaction.
Moreover, adolescent girls might have more tools to cope with lockdown measures and the
pandemic as girls are more likely to ask for help, have more positive connections to their
parents, and communicate more than boys . Future research could focus on why gender
matters when it comes to changes in life satisfaction during this pandemic.

In summary, the findings of this study provide a nuanced picture of the mental health of
adolescents. On the one hand, on average, adolescents were doing quite well during first
lockdown during the pandemic suggesting that adolescents are coping resiliently with
this crisis. The unexpected positive change in psychosomatic health could be a lead for
national governments to create possibilities that could encourage this positive change also
post-pandemic. On the other hand, we also observed a negative changes in life satisfaction
among boys but not girls. Future studies might examine whether our results are also
generalizable to adolescents with different ethnic backgrounds, other socioeconomic
status, or chronically ill adolescents. Adolescents’ mental wellbeing and concerns are
expected to continue to vary during the COVID-19 pandemic and should continue to be
monitored.

Strengths and limitations

An important strength of this study was that we benefitted from a prospective design
where we were able to compare mental wellbeing up to one year before the onset of
pandemic with mental wellbeing about 5-8 weeks after the introduction of lockdown
measures within the same adolescents. Moreover, we assessed multiple indicators of
mental wellbeing. There are also some limitations. The participants of the WHISTLER
birth cohort were recruited from the general population * living in a fairly affluent, and
newly build suburb of Utrecht, the Netherlands. As a result, this sample is not completely
representative of the general Dutch adolescent population as adolescents with parents
with a lower educational background and a non-Western migration background were
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underrepresented. This implies that our results may not be generalizable to populations
with different educational, ethnic and/or cultural backgrounds. Data on mental wellbeing
before the lockdown was collected between March 2019 and March 2020, whereas all
included participants were invited to complete the follow-up questionnaire on April 18™
2020. Consequently, not only the time between baseline and follow-up assessment, but also
the timing (during summer holiday versus during a stressful school week) of the baseline
assessment varied between the adolescents. This could have affected our results in such a
way that although a change in mental wellbeing was reported, it might not have been the
effect of COVID-19-related lockdown measures. In cohort studies, loss-to-follow-up is a
common phenomenon which can lead to attrition bias. In this study, no difference with
respect to the distribution of age, ethnicity, educational level, internalizing symptoms
and psychosomatic health were observed between the participants that completed the
follow-up questionnaire compared to adolescents that did not. However, girls were more
willing to complete the follow-up questionnaire compared to boys. Additionally, girls
who completed the follow-up questionnaire at baseline reported a lower life satisfaction
compared to girls who did not. In this study, no significant change in life satisfaction
in girls was observed. If all girls had completed the follow-up questionnaire, it is likely
that the change in life satisfaction in girls would have become even smaller (and still not
significant). Therefore, this attrition is unlikely to have biased our results.

CONCLUSION

This study yielded an interesting picture on changes in adolescent mental wellbeing.
Adolescents’ life satisfaction decreased after introduction of lockdown measures compared
tobefore the pandemic, especially in boys. However, no change in internalizing symptoms
was reported. Yet, adolescents experienced a better psychosomatic health, potentially
driven by falling asleep more easily during the pandemic compared to before.
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SUPPLEMENT 2:

The adapted version of the COVID-19 Adolescent Symptom & Psychological

Experience Questionnaire (CASPE)

Adapted COVID-19 Adolescent Symptom & Psychological Experience Questionnaire (CASPE)
Derived of COVID-19 Adolescent Symptom & Psychological Experience Questionnaire
(CASPE) version 1/4/2020
https://osf.io/7y3mk/

A. EXPERIENCE RELATED TO COVID-19 AND SYMPTOMS

1. Overall, how much has the COVID-19 outbreak, and the resulting changes to daily life,
affected your life in a negative way?

- Notatall

- Alittle

- Somewhat

- Alot

- Agreat deal

1.a. What event or change has been the most negative? (check all that apply)
- You or someone you love has the virus

- Having to stay at home

- Not seeing friends in person

- Many people are dying because of the virus

- Not going to school

- Spend more time with family

- Other:

2. Overall, how much has the COVID-19 outbreak, and the resulting changes to daily life,
affected your life in a positive way?

- Notatall

- Alittle

- Somewhat

- Alot

- Agreatdeal

2.a. What event or change has been the most positive? (check all that apply)
- Reduced amount of schoolwork

- Get more sleep

- Spend more time with family

- Not having to deal with kids at school

- Get more time on the phone/computer (texting, social media)

- Other:
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3. In past 4 weeks have you had any flu like symptoms (e.g., fever, dry cough, shortness
of breath)?
-+ Yes
- If yes, which symptoms have you had? (select all that apply)
- Fever
- Dry Cough
- Fatigue
- Sputum Production (thick mucus from lungs)
- Sore Throat
- Shortness of Breath
- Headache
- Muscle or Joint Pain
- Diarrhea
- Nausea or Vomiting
- Chills
- Nasal Congestion
- Redfitehy-eye
- No

4. 1f, yes Have you been tested for COVID-19?
- Yes
- Yes, I have been tested by a doctor and I'm waiting for the results
- Yes, I have been tested by a doctor and the result was positive
- Yes, I have been tested by a doctor and the result was negative
- No
- No, I have not been tested by a doctor because they did not test me
+ No, I did not ask for a test

5. Have you been hospitalized due to COVID-19?
- Yes
- No

Extra question
Has anyone in your household or extended family (i.e., grandparent, uncle/aunt, cousin)
had COVID-19 or was suspected of it?
- Yes
- How many people in your household or extended family had COVID-19 or was
suspected of it?
- Who of your household or extended family had COVID-19 or was suspected of it?
- No
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6. Has anyone in your household or extended family (i.e., grandparent, uncle/aunt, cousin)
been hospitalized because they had COVID-19?
- Yes
- How many people in your household or extended family were hospitalized due to
COVID-19?
- Who of your household or extended family was hospitalized due to COVID-19?
- No

7.Has anyone in your household or extended family (i.e., grandparent, uncle/aunt, cousin)
died because they had COVID-19?
- Yes
- How many people in your household or extended family died due to COVID-19?
- Who of your household or extended family died due to COVID-19?
- No

8. Have any of your friends (or their family members) had COVID-19, or was suspected of it?
- Yes

- How many friends (or their family members) had COVID-19 or was suspected of it?

- Who of your friends (or their family members) had COVID-19 or was suspected of it?
- No

9. Have any of your friends (or their family members) been hospitalized because of COVID-19?
- Yes

- How many friends (or their family members) were hospitalized due to COVID-19?

- Who of your household or extended family was hospitalized due to COVID-19?
- No

10. Following school closures, how did you continue with schoolwork? (consider after
Spring Break if schools closed during that time)

- School sent printed packets and/or recommendations

- School sent on-line assignments to complete without virtual classes

- School organized on-line classes

- Signed-up for a different on-line academic program

- There has been no school since then

- Already in cyber school
- Other (please describe):
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B. EMOTIONAL EXPERIENCE
11. In the past 7 days, including today, what has been your level of concern about the impact
of COVID-19 outbreak about the following:

Very A Little Some ALot A Great

Little or Deal

Not at all
Having to stay at home 1 2 3 4 5
Not seeing friends in person 1 2 3 4 5
Imight get sick 1 2 3 4 5
Family might get sick 1 2 3 4 5
Friends might get sick 1 2 3 4 5
Falling behind with schoolwork 1 2 3 4 5
Having to spend more time with 1 2 3 4 5
family
People might die if they get sick 1 2 3 4 5
Parent will lose their job 1 2 3 4 5
Having enough to eat 1 2 3 4 5
Conflict between parents 1 2 3 4 5
Conflict with parents 1 2 3 4 5
Sibling conflicts 1 2 3 4 5
Not getting into college 1 2 3 4 5
Not having enough money 1 2 3 4 5
Miss events that were important to 1 2 3 4 5
me (e.g., graduation)
Other: Free text

Do you see your fiends or boyfriend/girlfriend in person last month?
- Yes, every day or almost everyday

- Yes, we see each other a few times per week

- Yes, we see each other each week

- Less than once a week

- Never

12. Sineeyourschoolhaselosed; how often do you talk/chat with friends online (including

on your cell phone, on social media, or through online gaming) last month?
- Yes, every day or almost everyday

- Yes, we see each other a few times per week

- Yes, we see each other each week

- Less than once a week

- Never
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SUPPLEMENT 3:

Exploratory factor analyses

Table 1: Factor analysis with loadings of each item within the newly formed clustered factors

Factor analysis
Factors: concerns about Health Social Financial Family
consequences matters relations
of lockdown
measures
- I might get sick 0.711 = - -
- My family might get sick 0.805 - - -
- My friends might get sick 0.747 - - -
- People might die if they get sick 0.562 - - -
- Having to stay at home - 0.692 - -
- Not seeing my friends in person - 0.663 - -
- Falling behind with schoolwork - 0331 - -
- Having to spend more time with family - 0.46/ - -
- Not going to school - 0.744, - -
- Miss events that were important to me - 0.203 - -
- Parents might lose their job = = 0.481 =
- Not having enough to eat - - 0.680 -
- Not having enough money = = 0387 =
- Conflict between parents - - - 0.488
- Conflict with parents - - - 0.447
- Sibling conflict - - - 0.512

Extraction Method: Principal Axis Factoring. Rotation Method: Varimax with Kaiser Normalization.
Cutting value: eigenvalue >1.00 in combination with scree plot.
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SUPPLEMENT 4:

Changes in specific psychosomatic symptoms

Table 1: Changes in specific psychosomatic symptoms during the COVID-19 pandemic, compared to
before the pandemic

Psychosomatic health, Before the COVID-19 After introduction of
Complaints experienced once a week pandemic lockdown measures

or more often ne22s %) ne1s8 %) >

- Headache 19 (8.48) 14 (8.86) 030
- Stomach ache 9 (4.02) 7 (4.43) 0.80
- Backache 14 (6.25) 10 (6.33) 0.48
- Feeling unhappy 15 (6.70) 14 (8.86) 0.79
- Having a bad mood 39 (17.41) 23 (14.56) 0.01
- Being nervous 22 (9.82) 17 (10.76) 0.46
- Being dizzy 18 (8.04) 16 (10.13) 0.83
- Being tired 66 (29.46) 41 (25.94) <0.00
- Being exhausted 33 (14.73) 18 (11.39) 0.01
- Trouble with falling asleep 93 (4152) 32 (20.25) <0.00

*tested with McNemar’s Chi-squared test
Significant differences in bold.
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ABSTRACT

Purpose

Adolescents might be susceptible to the effects of the coronavirus disease 2019 (COVID-
19) lockdown. We assessed changes in mental wellbeing throughout the first year of the
pandemic and compared these with pre-pandemic levels.

Methods

This five-wave prospective study among Dutch adolescents aged 12-17 years used data
collected before the pandemic (n=224) (T0), in May (T1), July (T2), and October 2020 (T3),
and in February 2021 (T4). Generalized estimating equations were used to assess the
association between stringency of the lockdown with mental wellbeing.

Results

Adolescents had a lower life satisfaction during the first full lockdown (T1) (adj 3: -0.36,
95% CI: -0.58 to -0.13), during the partial lockdown (T3) (adj 3: -0.37, 95% CI: -0.63 to -0.12),
and during the second full lockdown (T4) (adj B: -0.79, 95% CI: -1.07 to -0.52) compared to
before the pandemic (T0). Adolescents reported more internalizing symptoms during only
the second full lockdown (T4) (adj 3: 2.58, 95% CI: 0.41to 4.75). During the pandemic, [at T1
(adj B: 0.29, 95% CI: 0.20 to 0.38), T2 (adj B: 0.36, 95% CI: 0.26 to 0.46), T3 (adj [3: 0.33, 95%
CI: 0.22 to 0.45), and T4 (adj B: 0.20, 95% CI: 0.07 to 034)], adolescents reported a better
psychosomatic health, partly attributable to less trouble falling asleep (p<0.01).

Conclusion

The COVID-19 lockdown measures have had both a negative and positive impact on mental
wellbeing of Dutch adolescents. However, mental wellbeing was most impacted during the
second full lockdown compared to before the pandemic.
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INTRODUCTION

All around the world, school closures, quarantining, and social distancing have been
key in governmental attempts to reduce the transmission of the SARS-CoV-2 virus,
hospitalizations and death in the coronavirus disease 2019 (COVID-19) pandemic > As
a result of these restriction measures, billions of people worldwide face unprecedented
periods of social isolation and stress 4. Adolescents might be particularly susceptible
to the social effects of these lockdown measures #5. Adolescence is not only marked as
a time period in which numerous mental health disorders emerge for the first time, but
also as a formative period for neurocognitive and social developments ¢-%. For instance,
young people spend increasingly more time with their peers and are more influenced by
peers than by adults in their social decision making, feeling accepted and rejected, and
getting approval 579. Friendships are therefore instrumental aspects of adolescent mental
wellbeing . Social face-to-face contacts in particular are not only actively discouraged
by the COVID-19 restriction measures 3, but also limited due to the transition to online
education. These aspects of the COVID-19 pandemic, among many others, might jeopardize
adolescent mental wellbeing.

Longitudinal data are required to better understand the effects of lockdown measures
on mental wellbeing, preferably including baseline measures assessed prior to COVID-19
#u,_Several longitudinal studies reported on adolescent mental wellbeing in response to
COVID-19 lockdown measures and have shown that anxiety and depressive symptoms
increased, and life satisfaction deteriorated during the first full lockdown in youth (8-18
years) living in The Netherlands, Australia and North-America >. A large international
collaborative effort using data of twelve longitudinal studies (ten performed in the USA,
one in the Netherlands, and one in Peru) identified an increase in depressive symptoms in
adolescents (mean age 15.4 years) . However, it is also known that although life satisfaction
of Dutch adolescents (mean age 15.5 years) decreased, their internalizing symptoms did
not change, and psychosomatic health even improved during the pandemic, compared to
baseline . To date, to our knowledge, no studies have taken multiple repeated assessments
of adolescent mental wellbeing during the first year of the COVID-19 pandemic, and
concomitantly the stringency of the lockdown, into account.

In this five-wave prospective longitudinal study among Dutch adolescents, we assessed
changes in mental wellbeing throughout the first year of the COVID-19 pandemic
and compared these with pre-pandemic levels (T0). The stringency of the lockdown
was significantly different at the four follow-up assessments (T1-T4), due to diverse
implemented restriction measures. Additionally, we explored whether there was a
differential change in mental wellbeing between boys and girls, as girls have incidence
of mental health problems during adolescence compared to boys *.
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METHODS

Study design and study population, baseline (T0)

Data were obtained from an ongoing population-based birth cohort study, named
WHISTLER 9, Between 2001 and 2012 newborns were recruited from the general
population in a fairly affluent and newly built suburb of Utrecht, the Netherlands. The
participants have been followed at age of 3, 5 and 8 years. In March 2019, we invited
the 12-16 year old WHISTLER participants to complete a questionnaire and undergo a
health assessment. One of the primary aims was to assess their mental wellbeing during
adolescence. Due to the start of the COVID-19 pandemic, we had to stop this follow-up
round. Up to then 224 adolescents completed the questionnaires (52.7% girls, mean
age 14.82 years). This was indicated as To. These adolescents were invited to complete
the follow-up questionnaires (T1- T4) during the first year of the COVID-19 pandemic.
Specifically, the questionnaires were sent in May (T1), in July (T2), in October 2020 (T3),
and in February 2021 (T4). The participants were able to complete the questionnaire within
one month. The analysis of adolescent mental wellbeing at To and T1 has been published
elsewhere .

Ethical approval for WHISTLER (file number: NL66918.041.18) was obtained from the
Medical Ethics Review Committee of the University Medical Center Utrecht. Participants
and their parents or legal guardians provided active written informed consent.

Follow-up: assessments throughout the first year of the COVID-19 pandemic (T1-T4)

The Dutch restrictive measures varied considerable in the first year of the pandemic, and
our follow-up assessments (T1-T4) captured four different phases of government policy.
To more objectively rate the stringency of the restrictions and increase comparability
with other countries, we used a national lockdown stringency index based on a composite
measure of nine different lockdown measures: the Oxford COVID-19 Government Response
Tracker (OxCGRT). The index has values from 0 to 100 (100 = strictest) 2. This OXCGRT
identified that the stringency of the Dutch lockdown was 78.70 around T1, during the first
full lockdown; 39.81 around T2, during the period that this first full lockdown was eased;
62.04 around T3, a less restrictive ‘partial’ lockdown; and 78.70-82.41 around T4, a second
full lockdown, respectively 22, This indicates that T4 was the most stringent lockdown.

Figure 1 shows the timeline of COVID-19 cases, hospital admissions, deaths, and stringency
index in the Netherlands, as well as the timing of sending the questionnaires and timing
of introduction and easing of lockdown measures. For a full summary of when and which
lockdown measures were introduced and eased, please refer to Supplement 1.
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Figure 1: Timeline of COVID-19 cases, hospital admissions, deceased, and stringency index in the
Netherlands. Introduction and easing of lockdown measures, and timing of sending the question-
naires. Orange arrows denote sending questionnaires at T1, T2, T3, and T4; brown arrows denote
implementing restrictions; and green arrows denote easing of measures. T0 = before the COVID-19
lockdown; T1 = first full lockdown (assessment April 18, 2020); T2 = first full lockdown eased (assess-
ment July 18, 2020); T3 = partial lockdown (assessment October 18, 2020); T4 = second full lockdown

(assessment February 2, 2021).

Mental wellbeing assessments
Mental wellbeing was assessed using three indicators: life satisfaction, internalizing

symptoms, and psychosomatic health using respectively the Cantril ladder >>>3, the Revised
Child Anxiety and Depression Scale (RCADS) », and the Health Behavior in School-aged
Children Symptom Checklist (HBSC-SCL) 2017 %. To investigate whether mental wellbeing
changed from baseline to follow-up, we assessed the same instruments at each follow-up
time period (T1-4). The specifics of these instruments are described in short below; please

refer to Supplement 2 for full details.

Life satisfaction was assessed with the Cantril ladder, a valid and reliable instrument of
life satisfaction in adolescence *»232¢, The Cantril ladder includes one question “Looking

Stringency Index
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at the past 3 months, how do you feel about your life?” and possible answers range from
01010 (10 = best possible life) 22232,

Internalizing symptoms, i.e., the severity of self-reported anxiety and depressive
symptoms, was assessed using the RCADS. The RCADS is based on anxiety disorders
and depression from the Diagnostic and Statistical Manual of Mental Disorders-IV 2.
The questionnaire contains 47 items, which are rated by respondents on a 4-point Likert
scale ranging from 0 “never” to 3 “always”. In our study the correlation between the
subdomains ‘anxiety’ and ‘major depressive disorder’ was r(Pearson)>0.7 across waves,
therefore we analyzed these subdomains together as internalizing symptoms. Raw scores
were converted into gender and age-normed T-scores using the syntax from the RCADS-
developer (based on USA population)*” and evaluated as a continuous score.

Psychosomatic health complaints are symptoms that are often related to psychosocial
factors, such as stress 2%. Psychosomatic health was measured with HBSC-SCL and
expressed in a mean score of 10 symptoms, such as having a headache, being nervous,
or feeling dizzy *. The higher the mean score, the better psychosomatic health one
is experiencing, meaning that one is feeling little stress. The HBSC-SCL has good
psychometric properties and has also been validated in Dutch 293,

Statistical analyses

We used descriptive statistics to summarize the characteristics of the study population.
Due to correlations among repeated measures of outcomes in the same individual,
regression models using generalized estimating equations (GEE) with an identity link
function were used to assess the association between time of assessment (stringency of
the lockdown) with repeated measures of mental wellbeing (life satisfaction/ internalizing
symptoms/ psychosomatic health; each outcome measure analysed individually). While
using the GEE, we choose for an independent correlation structure which enables the
GEE to handle time dependent variables (such as age) to change over time 3. Associations
with the outcomes were expressed as differences (3s), with ‘no lockdown measures’ (T0)
as the reference category. As a secondary analysis, we tested for interactions between
gender and time of assessment to analyse whether boys’ and girls’ mental wellbeing
changed differentially over time. Additionally, McNemar’s Chi-squared tests were used
to analyze whether the frequency of occurrence of psychosomatic symptoms differed
between baseline and follow-up assessments.

We used multiple imputation, producing 25 sets of imputed data, with predictive mean
matching to impute missing covariates and outcome measures, incorporating data on
potential confounders (age and gender) and the outcomes 3>. We imputed the data for all
participants that completed baseline (T0). Moreover, as auxiliary variables are considered
to improve the quality of imputation and therefore might reduce bias, we included two
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auxiliary variables: ethnicity and level of education of the adolescent 3334 Analysis on
multiple imputation increases precision of the estimates and reduce the potential bias
introduced by missing data 3. Therefore, it was chosen as the primary analysis for the GEE.
The results from the complete case analysis is shown in Supplement 3.

We adjusted the GEE for a priori selected potential confounders based on directed acyclic
graphs: gender (male/female) and age. A p-value <0.05 was considered statistically
significant. All analyses were done with SPSS 26.0.

RESULTS

Study population

Table 1 shows the characteristics of the study population at the five assessment waves
(To to T4). Of the 224 participants who completed their questionnaire at baseline, 158
participants (70.5%) completed it at T1, 149 participants (66.5%) at T2, 152 participants
(67.9%) at T3, and 128 participants (57.1%) at T4. Data on mental wellbeing were available
for at least two out of five assessments for 186 (83%) participants, and for four of the five
assessments for 132 (59%) participants. Of the 224 adolescents at T0, 95.1% had a Western
ethnicity, and 93.3% had a parent with a high (university) or intermediate (vocational) level
of education. Girls and adolescents with a higher level of education were more willing to
complete the follow-up questionnaires (see Table 1). In general no differences with respect
to the outcome measures were observed between the participants who completed the
follow-up questionnaire and participants who did not. However, girls were more likely to
complete the questionnaires at all follow-up rounds (T1 p=0.002, T2 p=0.004, T3 p=0.012,
T/ p=0.000) compared to boys. In addition, adolescents with higher levels of education
completed follow-up questionnaires more frequently at T2 (p=0.017) and T3 (p=0.005).
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Figure 2 shows both the overall mean of the entire sample, as well as the mean stratified
by gender for all three outcome measures per assessment (To - T4). This illustrates the
trend over time. The exact values of the outcome measures are described in Supplement 4.

I Boy
16il

T0 T T2 T T4 TO T T2 T3 T4

Mean Life Satisfaction
Mean Life Satisfaction
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Gir

Mean Internalizing Symptoms

.
‘
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Figure 2: Life satisfaction, internalizing symptoms, and psychosomatic health before and throughout
the first year of the COVID-19 pandemic for the entire sample and stratified by gender. To = before
the COVID-19 lockdown; T1 = first full lockdown (assessment April 18, 2020); T2 = first full lockdown
eased (assessment July 18, 2020); T3 = partial lockdown (assessment October 18, 2020); T4 = second
full lockdown (assessment February 2, 2021).

Associations between time of assessment (lockdown stringency) and mental wellbeing
We used multiple imputation to impute missing covariate and outcome data. The effect
estimates for results based on multiply imputed data were comparable to the complete case
analysis. The precision was generally improved as the confidence intervals were slightly
smaller. We considered the imputed results as the primary results and present the complete
case results in the Supplement 3.

Adolescents had a significantly lower life satisfaction during the first full lockdown (T1)
(adj B: -0.36, 95% CI: -0.58 to -0.13), during the partial lockdown (T3) (adj B: -0.37, 95%
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CI: -0.63 to -0.12), and during the second full lockdown (T4) (adj B: -0.79, 95% CI: -1.07 to
-0.52) compared to before the pandemic (Table 2). At the time that the first full lockdown
was eased (T2), no significant change in life satisfaction was reported (adj {3: -0.19, 95%
CIL: -0.42 to 0.05). There were differential changes in life satisfaction over time between
boys and girls (p,,,.....o,=0-015); boys’ life satisfaction decreased at a faster rate over time
than girls’ life satisfaction.

Table 2: Life satisfaction, internalizing symptoms, and psychosomatic health: differences when
measured before the start of the COVID-19 pandemic (reference), compared to assessments throughout
the first year of the COVID-19 pandemic.

Life satisfaction +

Time of assessment Crude B (95% CI) Adj. B (95% CI)
To: before COVID-19 pandemic ref = ref =

T1: first full lockdown -0.47 (-0.68;-0.26) -036 (-0.58;-0.13)
T2: first full lockdown eased -033 (-0.55;-0.12) -0.19 (-0.42;0.05)
T3: partial lockdown -0.56 (-0.78;-034) -037 (-0.63;-0.12)
T4: second full lockdown -1.02 (-1.25;-0.80) -0.79 (-1.07;-0.52)

Internalizing symptoms ++

Time of assessment Crude B (95% CI) Adj. B (95% CI)
To: before COVID-19 pandemic ref = ref =

T1: first full lockdown 1.18 (-0.15;2.50) 0.96 (-0.58;2.50)
T2: first full lockdown eased 0.95 (-037;2.27) 0.66 (-1.00;2.31)
T3: partial lockdown 1.27 (-0.05;2.58) 0.90 (-0.90;2.69)
T4: second full lockdown 3.04 (1.50;4.58) 2.58 (0.41;4.75)

Psychosomatic health +++

Time of assessment Crude B (95% CI) Adj. B (95% CI)
To: before COVID-19 pandemic ref = ref =

T1: first full lockdown 0.25 (0.17;032) 0.29 (0.20;0.38)
T2: first full lockdown eased 030 (0.22;0.39) 036 (0.26;0.46)
T3: partial lockdown 0.26 (0.17;0.35) 033 (0.22;0.45)
T4: second full lockdown 0.12 (0.01;0.22) 0.20 (0.07;0.34)

Based on imputated data

Abbreviations: Adj.= adjusted. Adjusted for: gender and age. Ref = reference

To = before the COVID-19 lockdown; T1 = first full lockdown (assessment April 18, 2020); T2 = first
full lockdown eased (assessment July 18, 2020); T3 = partial lockdown (assessment October 18, 2020);
T4 = second full lockdown (assessment February 2, 2021).

* a higher score indicates a higher life satisfaction; **a higher score more severe self-reported
internalizing symptoms; ***a higher score indicates experiencing psychosomatic complaints less
frequently.

Adolescents reported significantly more internalizing symptoms during the second full
lockdown only (T4; adj 3: 2.58, 95% CI: 0.41 to 4.75), compared to internalizing symptoms
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assessed before the beginning of the pandemic (T0). During the first full lockdown (T1)
(adj 3: 0.96, 95% CI: -0.58 to 2.50), during the easing of the first full lockdown (T2) (adj [*:
0.66, 95% CI: -1.00 to 2.31) and during the partial lockdown (T3) (adj {3: 0.90, 95% CI: -0.90
to2.69) no significant change in internalizing symptoms was reported (Table 2). Secondary
analyses did not reveal a differential change in internalizing symptoms at the various
assessments between boys and girls (p,,,...cton=0-40)-

Throughout the first year of the COVID-19 pandemic, [at T1 (adj 3: 0.29, 95% CI: 0.20 to
0.38), T2 (adj 3: 036, 95% CI: 0.26 to 0.46), T3 (adj B: 0.33, 95% CI: 0.22 t0 0.45), and T4 (adj
B: 0.20, 95% CI: 0.07 to 0.34)], adolescents reported a significantly better psychosomatic
health than before the start of the pandemic (T0) (Table 2). Secondary analyses did not
reveal a differential change in psychosomatic health at the various assessments between
boys and girls (P,.raction=0-29)-

Contrary to our expectations, psychosomatic health was better throughout the first year
of the pandemic than before. Therefore, in an exploratory a posteriori analysis, we assessed
changes in specific psychosomatic symptoms which are presented in Supplement 5. We
identified that adolescents were able to fall asleep more easily (p<0.01) throughout the first
year of the pandemic at all follow-up rounds. In addition, adolescents also experienced other
specific symptoms less frequently at some follow-up rounds (please see Supplement 5).

DISCUSSION

This is the first study that considered multiple repeated assessments of adolescent mental
wellbeing, both pre-pandemic as well as during the first year of the COVID-19 pandemic
(OXCGRT stringency index: T1: 78.80; T2: 39.81; T3: 62.04; and T4: 78.80-82.41). Our five-
wave prospective cohort study among Dutch adolescents yielded an interesting picture
of change on mental wellbeing throughout the first year of the COVID-19 pandemic. Life
satisfaction decreased during the first and second full lockdowns as well as the partial
lockdown, compared to before the pandemic. Notably, life satisfaction decreased most at
the second full lockdown in February 2021. Moreover, boys’ life satisfaction decreased
at a faster rate than girls during the pandemic compared to the pre-pandemic baseline.
Adolescents only reported more internalizing symptoms, reflecting anxiety and depression
symptoms, during the second full lockdown. Interestingly, throughout the first year of the
COVID-19 pandemic, adolescents reported significantly better perceived psychosomatic
health. Exploratory analyses indicated that this improvement is partly attributable to
being able to fall asleep more easily.

Previous longitudinal studies assessing mental wellbeing during and before the pandemic
can be used to benchmark our findings, while keeping in mind that these studies did
not assess mental wellbeing during the entire first year of the pandemic. Similar to our
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study, a deterioration in life satisfaction during the pandemic was observed in Australian
adolescents (aged 13-19 years, stringency index: 65.74 - 69.44) and in Dutch adolescents
(aged 1020 years, stringency index 78.80-65.74) 3577, In our study we observed that life
satisfaction seems to be correlated with the stringency level of the lockdown: when the
stringency index was high life satisfaction decreased, and vice versa. However, we did not
observe this pattern when comparing the absolute values of the stringency index between
countries, as Australian adolescents experienced a lower life satisfaction, but Chinese
youth did not: the stringency index of the Australian lockdown was substantially lower
compared to that of the Chinese lockdown. Therefore, focusing on a change in mental
wellbeing over time within a specific context seems to be preferable over comparing
adolescent mental wellbeing between countries while using the stringency index.
However, future research could focus on disentangling which aspects of the different
national lockdowns affects mental wellbeing.

Our sample only reported significantly more internalizing symptoms during the second
full lockdown (stringency index: 78.80-82.41). Australian youth (8-18 years old) reported
more anxiety and depressive symptoms in the initial phase of the pandemic 2 (stringency
index: 65.74 - 69.44), as did adolescents (aged 14-17) living in the USA (stringency index:
67.13-72.69) 3. Nonetheless, the average scores of the youth living in the USA did not reach
the clinical threshold for anxiety disorders and depression *+?7. Additionally, Barendse et
al. (2021) showed, especially for bi- or multiracial adolescents, an increase in depressive
symptoms in an international sample of adolescents (mean age 15.4 years) . Therefore,
it remains important to monitor internalizing symptoms and to evaluate potentially
vulnerable subgroups, especially when the stringency level of the pandemic increases.
Some studies identified vulnerable subgroups: Cohen et al. (2021) showed that healthy
adolescents experienced more anxiety and depression during the pandemic compared to
before, while adolescents with early life stress who were thought of being at particular
risk did not 3¢. Additionally, Zijlmans et al. (2021) showed that youth (aged 8-18 years)
with a (chronic) somatic condition experienced a better mental wellbeing compared to
their healthy peers 3. However, youth with pre-existing mental problems had a lower
mental wellbeing than youth with a somatic condition or healthy peers 3. These studies
suggested that some youth with adverse life events seemed to be more resilient than
healthy adolescents. Therefore, future studies could examine which risk and resilience
factors might be of influence on adolescent mental wellbeing changes during the COVID-
19 pandemic.

Interestingly, reported psychosomatic health of adolescents increased during the
pandemic. Although statistically significant, it is questionable whether this improvement
was also clinically relevant. As psychosomatic health was expressed in a mean score of 10
symptoms, the direct impact on daily life, except for experiencing less stress in general,
was difficult to determine. However by assessing changes in specific psychosomatic
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symptoms, we identified that the improved psychosomatic health was partly attributable to
falling asleep more easily during the pandemic compared to before. Other studies reported
that youth more often slept eight hours or longer during the COVID-19-related lockdown
compared to their sleep rhythms prior to the pandemic 3839, and that bedtime and wake
times shifted to later hours *. During puberty, hormonal changes alter the homeostatic and
circadian regulation of sleep, with the result that adolescents tend to stay up and sleep in 4.
The altered sleep rhythm might conflict with early school start times. As a result, chronic
sleep loss is a common phenomenon for adolescents 4. Due to school closures, online
education (T1, T3, and T4), and summer holidays (T2), it might be conceivable our sample
of adolescents were able to shift their bedtime and wake times to later hours, resulting in
better syncing of their sleep-wake behavior with their circadian rhythm. Multiple studies
have shown that delaying school start times led to better alignment of circadian system
and therefore resulted in better sleep quantity and quality. As a consequence, mental health
issues decreased, and physical health and academic performances improved 4>43. Therefore,
it was previously recommended that national governments may consider possibilities
that could enhance the alignment of adolescent sleep-wake behavior with their circadian
rhythm, e.g. by delaying school start times 7.

It is well known that adolescent girls have lower mental wellbeing on average than
boys 44 Also in our study, boys scored better than girls on all three indicators of mental
wellbeing. However, our results showed that boys’ life satisfaction deteriorated during the
pandemic, while Magson et al reported that a decline in life satisfaction among adolescents
(13-16 years) during the pandemic was particularly pronounced among girls . We can
only speculate as to why only boys showed a deterioration in life satisfaction. Lockdown
measures actively discouraged group gatherings. When focusing on social interactions,
boys are more likely to hang out in groups, whereas girls tend to spend more time in
friendship dyads 4. Therefore the measures might have affected boys’ life satisfaction
more than girls’. Also, girls are more likely than boys to communicate with friends online
41, Research showed that adolescents had higher anxiety and depression scores during the
pandemic compared to before, when they experienced a poorer connection with friends
and family 4%. Keeping in touch with friends online during the pandemic may reduce the
impact of lockdown measures on girls’ mental wellbeing. Finally, girls might have more
communication tools to cope with changes due to the lockdown measures because they
are, in general, more likely to ask for help, have more positive connections to their parents,
and communicate more than boys #. Future research could focus on why gender matters
when it comes to changes in life satisfaction during this pandemic.

Our study reported an interesting picture of change on mental wellbeing throughout the
first year of the COVID-19 pandemic. By (partly) maintaining their mental wellbeing, our
participants showed that they functioned resiliently during the pandemic. In the literature,
it is described that supportive social environment like parent support, make adolescents
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more able to respond resiliently to adversity 5. In 2017, the Health Behavior in School-
Aged Children (HBSC) study, conducted in 45 European countries plus Canada, found that
Dutch adolescents were remarkably positive about their relationship with parents 475 Of
the Dutch 15-year-olds, 81 and 90 percent reported that they can easily talk to their father
or mother about their worries, respectively. In other countries, the average was much
lower: 65 percent (father) and 80 percent (mother) #. Although this data was collected
in 2017, these results give an indication on how adolescent might experience being in
lockdown at home with their parents. This gives them a good starting position regarding
their mental wellbeing for the crisis. Future research may allow researchers to confirm
these protective factors.

Nonetheless, adolescents’ mental wellbeing changed the most during the longer lasting
second full lockdown (T4) compared to pre-pandemic levels: life satisfaction was lowest
and more internalizing symptoms were reported. During this lockdown, schools were
closed for the second time during the pandemic. A recent systematic review showed that
during the first wave of the COVID-19 pandemic, mental health issues among children
and adolescents (mainly anxiety and depressive symptoms) and adverse health behaviors
(such as decreased physical activity and increased screen time) were associated with school
closures and the social lockdown 5> Nonetheless, it was not possible to disentangle the
effects of school closures from broader social lockdown measures 5.

A particular strength of this study is the longitudinal prospective design with five time
waves of data collection, including a pre-pandemic baseline assessment. The follow up
assessments included the initial but also the consecutive COVID-19 phases during the
first year of the pandemic taking multiple lockdowns with a different stringency index
into account. Multiple indicators of mental wellbeing were assessed, with internationally
renowned instruments. Some limitations deserve mention. Despite the longitudinal
design, we cannot determine a causal relation between the stringency of the lockdown
and adolescent mental wellbeing. Mental wellbeing was most impacted during the second
full lockdown. Moreover, also the stringency index was at its highest at that point of time:
78.70 to 82.412°>. However, the duration of the lockdown might be another driver of these
negative outcomes, since participants had already been in a lockdown for over 3.5 months.
The independent effect of the duration versus the stringency of the lockdown could not
be disentangled. Additionally, factors unrelated to the pandemic, such as seasons and
school breaks, might also have influenced the associations. For example, certain affective
disorders are more present in particular seasons; adolescents especially suffer from
seasonal affective disorder (SAD) in winter, resulting in feeling more irritable, fatigue,
and sad 5. SAD could also have had an effect on our outcome measures.

Moreover, the participants of the WHISTLER birth cohort were recruited from the general
population living in a fairly affluent, and newly built suburb in the Netherlands . As a
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result, adolescents with parents with a lower educational background and a non-Western
migration background were underrepresented. This limits the generalizability of our
results to populations with different educational, ethnic, and/or cultural backgrounds.

In cohort studies, loss-to-follow-up is a common phenomenon which can lead to attrition
bias. For all three outcome measures, there was no significant difference between
responders and non-responders at baseline. However, girls and adolescents with higher
levels of education were more likely to complete the questionnaires at follow-up rounds.
Because girls scored lower on all three outcomes compared to boys, a lower mental
wellbeing might have been observed than in a representative sample. Therefore, attrition
bias might have been introduced by loss of boys completing the questionnaire in the follow-
up rounds. Adolescent education level did not affect mental wellbeing and therefore, loss
of follow up of adolescents with lower levels of education did not introduce attrition bias.

The COVID-19 pandemic is one of the most profound events for society and citizens in the
last decades. Ongoing longitudinal research will grant researchers to appreciate its lasting
impact with regard to mental wellbeing. Moreover, such research may allow researchers
to identify why certain subgroups of youth were doing well or were doing poorly before,
during, and in the aftermath of the pandemic. Due to co-occurrence of other factors that
might have affected adolescent mental wellbeing, the independent effect of the lockdown
severity on our outcome measures could not be established. To gain better insight in the
impact of the COVID-19 pandemic on mental wellbeing, combining the results of various
studies concerning this topic would be promising. Furthermore, our results suggest that
further research is warranted on the relationship between sleep and mental wellbeing,
and on interventions or policy (e.g., school starting time) changes that enhance better
syncing of adolescent sleep-wake behavior with their circadian rhythm.

In conclusion, this prospective, longitudinal study among Dutch adolescents identified that
the COVID-19 lockdown measures mainly have had a negative impact on adolescent life
satisfaction, but have had a positive impact on psychosomatic health. Additionally, mental
wellbeing changed most during the longer lasting second full lockdown when compared to
pre-pandemic levels: life satisfaction was at its lowest, more internalizing symptoms were
reported, and psychosomatic health increased the least at this period in time.
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SUPPLEMENT 1:

Summary of when and which lockdown measures were introduced and eased

In the Netherlands, the first COVID-19 confirmed patient was diagnosed February 27, 2020.
Starting on March 15 a lockdown was enforced, meaning closure of school and child care
facilities, as well as sport clubs, cafes and restaurants. The first follow-up questionnaire
was sent on April 18, 2020 (T1). On May 11, primary schools partially reopened and on June
2 secondary schools followed *. On July 18, 2020, when the second follow-up questionnaire
was sent (T2), the school summer holidays started. At that point in time, sport clubs,
cafes and restaurants were open again. Face masks had to be worn only while taking
public transportation 2. From October 13, 2020, a partial lockdown was announced: cafes
and restaurants closed and large social events were forbidden. Schools remained open,
however, and face masks were obligatory inside the school buildings 3. Just after this second
lockdown was introduced, we sent our third follow-up questionnaire (T3, October 18, 2020).
As the number of COVID-19 cases rose, more restrictions were incrementally implemented
over time and in February 2021, a second full lockdown was implemented, including
closure of schools, non-essential shops, sport clubs, and contact-based professions such
as hairdressers 4. Additionally, a curfew was implemented (from 9:00 p.m. — 04:30 a.m.) and
citizens were only allowed to receive one visitor a day. Our fourth follow-up questionnaire
was sent during this full lockdown (T4, February 2, 2021).
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SUPPLEMENT 2:
Summary of used instruments
Instrument Content/subscales Items Values a
Cantril ladder> How do you feel about your life? 1 0 (worst possible life) na
to 10 (best possible
General life life)
satisfaction
RCADS3 Subscale separation anxiety disorder 47 never, sometimes, 0.94
Subscale social phobia often, always
Internalizing Subscale generalized anxiety disorder
symptoms Subscale panic disorder higher score = more
Subscale obsessive compulsive disorder severe symptoms

Subscale major depressive disorder

HSBC-SCL 2017¢ How often have you suffered from the 10 About every day; more 0.995
following in the last 6 months? than once a week;
Psychosomatic - Headache about every week;
health -+ Stomach ache about every month,;
- Backache rarely or never
Feeling unhappy
Having a bad mood
Being nervous
Being dizzy
Being tired
Being exhausted
- Trouble with falling asleep

a = Cronbach’s alpha; HSBC-SCL 2017 = Health Behavior in School-ages Children Symptom Checklist;
na = applicable; RCADS = Revised Child Anxiety and Depression Scale
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CHAPTER 8

SUPPLEMENT 4:

Life satisfaction, internalizing symptoms, and psychosomatic health before and throughout the first
year of the COVID-19 pandemic

Mental wellbeing To ((=224) Ti1 (=158 T2 (n=149) T3 (n=152) T4 (n=128)
Stringency index na 78.70 39.81 62.04 78.80-82.41
Life satisfaction* 7.62 (119) 715 (1.08) 728 (119) 7.04 (130) 6.60 (153)

mean (SD), range 0-10

Internalizing symptoms**  40.28 (9.72) 4177 (10.29) 4220 (1033) 42.63 (10.49) 4435 (11.37)

mean (SD), range 0-141
Psychosomatic health *** 301  (0.67) 414 (0.66) 4.23 (059) 415 (0.69) 3.98
mean (SD), range 0-5
To = before the COVID-19 lockdown; T1 = first full lockdown (assessment April 18, 2020); T2 = first
full lockdown eased (assessment July 18, 2020); T3 = partial lockdown (assessment October 18, 2020);

T4 = second full lockdown (assessment February 2, 2021).
+ a higher score indicates a higher life satisfaction; **a higher score more severe self-reported
internalizing symptoms; ***a higher score indicates experiencing psychosomatic complaints less

frequently.

(0.77)
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CHAPTER 9

ABSTRACT

The aim of this study was to assess the impact of the COVID-19 pandemic on the mental
wellbeing of children 8-18 years old with chronic conditions, by comparing pandemic
data with pre-pandemic data and with healthy peers. Data were obtained from two
ongoing longitudinal cohorts: the PROactive cohort study following children with a
chronic condition, and the WHISTLER population cohort. Mental wellbeing was assessed
by three indicators: life satisfaction, internalising symptoms, and psychosomatic health.
The stringency of the COVID-19-related lockdown was considered a moderating factor.
Data on chronic patients were recorded before (n = 934, 65% girls) and during (n = 503,
61% girls) the pandemic, and compared to healthy peers during the pandemic (n = 166, 61%
girls). Children with a chronic condition reported lower life satisfaction, but no clinically
relevant changes in internalising symptoms or psychosomatic health, during the pandemic
compared to before. In comparison to healthy peers, children with a chronic condition
experienced decreased life satisfaction and psychosomatic health, but internalising
symptoms did not differ between groups during the COVID-19 pandemic. The lockdown
stringency was negatively associated with all indicators of mental wellbeing—worse life
satisfaction, more internalising symptoms, and more psychosomatic symptoms.
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INTRODUCTION

At the end of 2019, alocal outbreak of COVID-19 in Wuhan occurred, and rapidly progressed
into a global pandemic > Governments imposed strict measures to control the spread of
the virus, which also impacted the daily routines of children and adolescents (hereafter
referred to as children) 3. The closing of schools and the reduction in social contact with
peers are of particular concern from a psychosocial viewpoint 45. Thus, the rapid spread
of coronavirus and subsequent social restrictions have led to increased mental health
problems ¢7. The government restrictions differ from country to country. The Oxford
Coronavirus Government Response Tracker (OxCGRT) calculates the stringency index,
which indicates the strictness of COVID-19 restrictions by day and country 89.

COVID-19 literature regarding mental wellbeing has mostly focused on healthy children.
The pandemic has often resulted in decreased life satisfaction °, increased internalising
symptoms (including anxiety and depression), and more mental health problems and
psychosomatic complaints 4. However, there is a paucity of knowledge about the effects
of the pandemic on children with chronic conditions, who are a population at risk of
decreased mental wellbeing 5. In general, children with a chronic condition rate their
psychosocial functioning, developmental milestones, and mental wellbeing lower than
their healthy peers >7. Pre-existing vulnerabilities—such as socioeconomic disadvantage,
elevated levels of internalising and externalising problems, a higher amount of stressful
events, or disabilities—are more common in this group, and may increase the risk of poor
mental health outcomes during the COVID-19 pandemic #9202, At-risk individuals may
experience new onset of mental health problems, while those with pre-existing mental
health problems may experience symptomatic exacerbation—especially if access to mental
health services is impeded due to COVID-19 regulations *22, To date, empirical studies of
the mental wellbeing burden of the pandemic are scarce in this vulnerable population—
particularly longitudinal studies . A better understanding is of clinical relevance, since
this enables health professionals to incorporate pandemic-related effects into their care
for their patients.

Before and during the pandemic, the Dutch Patient-Reported Outcomes active cohort
study (PROactive) > and Wheezing Illnesses Study Leidsche Rijn population cohort study
(WHISTLER) * collected data in children with chronic conditions and healthy peers.
Importantly, measurements from both cohorts were harmonized, and participants
were recruited from the same geographical area. This provides the unbiased and unique
opportunity to study the impact of the pandemic on the wellbeing of children with a chronic
condition compared to healthy children *2¢, Therefore, the aims of this exploratory study
were as follows: to compare the mental wellbeing of children with a chronic condition
before and during the COVID-19 pandemic (aim 1), to compare the mental wellbeing of
children with a chronic condition and healthy peers during the pandemic (aim 2), and to

ol
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explore the associations between government restrictions—as measured by the OxCGRT
stringency index—and the mental wellbeing of children with a chronic condition and
healthy children (aim 3).

2. METHODS

2.1. Research population and study design

We compared mental wellbeing in children with a chronic condition before and during
the pandemic (aim 1). For this comparison, children aged 8—18 years were selected from
the ongoing PROactive cohort study *#2°. Since 2016, this cohort has been collecting
data on psychosocial wellbeing in children with various conditions—including cystic
fibrosis, (auto)immune diseases, congenital heart diseases, kidney disease, and persistent
physical complaints—visiting the outpatient clinic of the Wilhelmina Children’s Hospital
Utrecht, the Netherlands—hereafter referred to as ”children with a chronic condition”.
Questionnaires completed before March 2020 were classified as “pre-COVID-19”, as the
first Dutch case was reported 27 February *7. All data collected between July 2020 and July
2021 were classified as “during COVID-19”.

Next, we compared children with a chronic condition with healthy peers, focused on
effects during the pandemic (aim 2). We used data from the PROactive cohort * and the
WHISTLER cohort »5. The WHISTLER cohort’s population included over 3000 newborns
residing in the region of Utrecht, the Netherlands, born between 2002 and 2013 . In March
2019, WHISTLER participants were routinely invited to the 12—-16-year-old assessments,
with a focus on their health and mental wellbeing during adolescence. Due to the onset of
the pandemic, they had to pause this follow-up, but the 224 assessments already taken
were considered the baseline for a five-wave prospective longitudinal study of changes
in mental wellbeing during the Dutch pandemic *. For this study, a random sample was
drawn from the subsequent 3 waves of data collection during the first year of the Dutch
pandemic between 18 July 2020 and 9 March 2021.

Figure 1 visualises the timing of data collection, along with Dutch COVID-19 restrictions
over the course of 15 months. For our 3rd aim, we investigated the effect of the lockdown
stringency index on the different indicators of mental wellbeing in children with a chronic
condition and their healthy peers 8.

Both cohorts were approved by the ethical committee of the University Medical Center
Utrecht, the Netherlands.
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2.2. Measurements

Mental wellbeing was assessed using three indicators *: life satisfaction, internalising
symptoms, and psychosomatic health. Questionnaires were aligned in both the PROactive
and WHISTLER studies. Supplement 1 provides detailed information regarding the
measurements.

Life satisfaction was measured using the Cantril ladder 33!, which includes one question:
“Looking at the past 3 months, how do you feel about your life?”. Possible answers range
from 0 to 10 (10 = best possible life).

Internalising symptoms were assessed using the Revised Child Anxiety and Depression
Scale (RCADS) 3»33, which is based on anxiety disorders and depression from the DSM-IV
3; it is a 47-item questionnaire with anxiety subscales such as social phobia, generalised
anxiety disorder, depressive disorder, etc. The sum of all of the subscales (total score)
is a global indication of internalising symptoms, with higher scores indicating more
severe symptoms. As in our study the correlation between the subdomains “anxiety”
and “depressive disorder” wasr > 0.7, we choose to analyse these subdomains together as
internalising symptoms. Based on age and sex, raw scores were converted to normative
T-scores34. A score < 65 is considered normal, 65—70 is borderline, and > 70 is critical.

Psychosomatic health was assessed using the Dutch Health Behaviour in School-Aged
Children Symptom Checklist (HBSC-SCL) 2017 353¢, consisting of 10 questions evaluating the
severity of symptoms, such as having a headache, being nervous, etc. These symptoms are
often related to psychosocial factors, such as stress 7. A high mean score reflects better
psychosomatic health ». This instrument (Dutch 2017 version) has good psychometric
properties, and has been validated as an unbiased measurement of subjective health
complaints (Cronbach’s alpha > 0.70) ».

Stringency index was assessed with the OxCGRT #9, providing the stringency of COVID-
19 restrictions per day and country. The index is based on 23 indicators, such as school
closures and travel restrictions, resulting in a score of 0 to 100 (100 = strictest) 9. We linked
this stringency scores to the dates the patients’ completed the questionnaires.

2.3. Statistical analyses

We compared the mental wellbeing of children with a chronic condition before and during
the pandemic (aim 1), as well as mental wellbeing between children with a chronic condition
and healthy peers during the pandemic (aim 2), using analysis of variance (ANOVA).
Here, we considered two independent variables (main effects) and their interaction: time
point (aim 1) or cohort (aim 2), and gender (girls or boys), as well as the interactions time
point*gender (aim 1) and group*gender (aim 2). The interaction provides information on
the extent to which potential gender differences are similar between time points (aim 1)
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and groups (aim 2). In case of significant interactions, a stratified ANOVA was performed.
In case of significant difference in time points (aim 1), the mean differences from aim
1 before and during the pandemic of the WHISTLER cohort *° were compared (data not
shown). We explored the association between local government restrictions (stringency
index) and the mental wellbeing of children with a chronic condition and healthy children
using a hierarchical linear regression (aim 3). In the hierarchical linear regression, we
entered the stringency index, group (children with a chronic condition or healthy peers),
and the interaction stringency index*group as independent variables in steps 1, 2, and
3, respectively. Separate models were run for each of the dependent variables (i.e., life
satisfaction, internalising symptoms, and psychosomatic health). An observed p-value
of < 0.05 was considered statistically significant.

3. RESULTS

3.1. First aim; mental wellbeing in children with a chronic condition before versus
during the pandemic

Table 1 shows the characteristics of the two PROactive cohort samples of children with
a chronic condition before (n = 944) and during the pandemic (n = 545). These are two
different samples of children with a chronic condition. Life satisfaction was significantly
lower during the pandemic compared to before the pandemic (F(1, 1469)= 30.27; p < 0.001).
Girls had a significantly lower life satisfaction score compared to boys (F(1, 1469) = 42.70; p
< 0.001) (Supplement 2). The interaction time point*gender was not significant (F(1, 1469) =
2.25; p = 0.13), indicating that COVID-19 had no difference in impact on girls than on boys.
Figure 2 visualizes the findings.

We found non-significant findings for the two remaining dependent variables. First,
internalising symptoms were similar during the pandemic compared to before the
pandemic (F(1, 1151) = 0.00; p 0.96). Girls experienced internalising symptoms significantly
more often compared to boys (F(1, 1151) = 53.20; p < 0.001), although in neither group
was the change in mean score clinically relevant (mean < 60). The interaction time
point*gender was not significant (F(1, 1151) = 2.92 p 0.09). Second, psychosomatic health
did not significantly differ during the pandemic compared to before the pandemic (F(1,
1245) = 0.72; p 0.40). Girls experienced more psychosomatic symptoms (F(1, 1245)= 80.44;
p <0.001) (Supplement 2). The interaction time point*gender was not significant (F(1, 1151)
=1.22; p 0.27), indicating that similar differences between genders were observed for both
time points; thus, stratified analyses were not necessary.

N
=
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Table 1: Characteristics of the participants.

1st Aim 2nd and 3rd Aims
(Chronic Condition before  (Chronic Condition vs.
vs. during) Healthy Peers during the
Pandemic)
PROactive PROactive = WHISTLER
(Chronic condition) (Chronic (Healthy
condition) @ peers)
Characteristics Pre- During During During
pandemic pandemic pandemic pandemic
8-18yr 8-18 yr 12-18 yr 12-18 yr
N=944 N =545 N =311 N=166
Age in years, mean + SD 14.2 (2.8) 143 (2.9) 15.7 (1.8) 16.0 (1.3)
Girl,n (%) 601 (64.2) 332 (60.9) 200 (64.3) 94 (56.6)
Disease group
Persistent physical complaints 481 (51.0) 269 (49.4) 67 (21.5) n.a.
Paediatric (auto)immune diseases 305 (32.3) 106 (19.4) 163 (52.4) n.a.
Paediatric cystic fibrosis 72 (7.6) 26 (4.8) 17 (5.5) n.a.
Paediatric cardiology 63 (6.7) 111 (20.4) 46 (14.8) n.a.
Paediatric nephrology 22(23) 33(6.1) 18 (5.8) n.a.
Education level of the child ®, n (%)
Primary school 219 (24.0) 105 (25.6) 14 (5.8) (1.8)
Low 271(29.7) 117 (28.5) 94(39.0) 24.1)
Intermediate 208 (22.8) 86 (21) 69 (28.6) 22.3)
High 177 (19.4) 79 (19.3) 64 (26.6) 48.8)
Other (special education or working) 37 (4.1) 23 (5.6) 0 (0) 5(3.0)

2 For comparison with healthy peers (aim 2 and 3), the 12-18-year-old children from the PROactive
cohort were selected. ® Low: pre-vocational secondary education; intermediate: higher general
secondary education or intermediate vocational education; high: pre-university education, higher
vocational education, and university education. SD: standard deviation.
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Figure 2: Group difference indicators of mental wellbeing in children with a chronic condition before
and during the COVID-19 pandemic (aim 1).

3.2. Second aim: mental wellbeing in children with a chronic condition versus
healthy peers during the pandemic

For the second aim, children with a chronic condition (n = 311) were compared to healthy
peers (n = 166) during the pandemic. Table 1 provides the children’s characteristics.
Life satisfaction was significantly lower in children with a chronic condition compared
to healthy peers (F(1, 473) = 13.92; p < 0.001). Girls reported lower life satisfaction than
boys (F(1, 473)= 13.41; p < 0.001) (Supplement 3). The interaction group*gender was not
significant (F(1, 473) = 0.05; p = 0.83), indicating that the reported difference is attributable
to their chronic condition. Figure 3 visualises the findings.

Additional analysis with pre-pandemic WHISTLER data showed a difference in both
cohorts (PROactive and WHISTLER) of 0.5 points in life satisfaction before and during the
pandemic (data not shown), indicating that children with a chronic condition experienced
a similar effect compared to healthy peers.

The internalising symptoms score was not significantly different in children with a chronic
condition compared to healthy peers (F(1, 359) = 0.03; p 0.87) (Supplement 3). Girls had
more internalising symptoms (F(1, 359) = 26.40; p <0.001) than boys. The interaction time
group*gender was not significant (F(1, 359) = 2.50; p 0,12).

Psychosomatic health complaints were reported significantly more often in children with a
chronic condition compared to healthy peers (F(1, 345) = 91.77; p < 0.001). Girls experienced
more psychosomatic symptoms (F(1, 345) = 48.48; p < 0.001) than boys. The interaction
group*gender was not significant (F(1, 345) = 1.76; p < 0.19) (Supplement 3).
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Figure 3: Group difference indicators of mental wellbeing in children with a chronic condition versus
healthy peers during the pandemic (aim 2).

3.3. Third aim: associations between government restrictions and the mental
wellbeing of children with a chronic condition and healthy children

Here, a hierarchical linear regression analysis with separate models was conducted for
each of the dependent variables (see Table 2). In step 1, higher scores on the stringency
index were associated with worse life satisfaction (t = -3.67, p < 0.001), internalising
symptoms (t = 3,303, p < 0.001), and psychosomatic health (t = -2.48, p< 0.01). Stringency
index explained 2—3% of the variability in mental wellbeing; adjusted R> values were
0.03, (F(1, 475) = 13.47; p < 0.001) for life satisfaction, 0.03, (F(1, 360) = 6.42; p < 0.002) for
internalising symptoms, and 0.02, (F(1, 347) = 6.16; p 0.01) for psychosomatic health. In
step 2, disease state (i.e., chronic condition vs. healthy peers) additionally explained 3—6%
of the remaining variability in general wellbeing; adjusted R> values were 0.06, (F(1, 474)
= 20.44; p < 0.001) for life satisfaction, 0.04, (F(1, 360) = 4,59; p 0.04) for internalising
symptoms, and 0.27, (F(1,346) = 121.39; p 0.00) for psychosomatic health. In step 3,
stringency index, group (disease state), and the interaction stringency*group explained
28% of the variability in the dependent variable “psychosomatic health” (adjusted R> =
0.28; E(1, 345) = 7.78; p 0.01). The interaction stringency index*group was not significant
for life satisfaction nor for internalising symptoms (p 0.68 and 0.34). Table 2 displays the
findings.
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4. DISCUSSION

This study of children’s mental wellbeing compared pandemic data with pre-pandemic
data between children with a chronic condition and healthy peers. The present study
provides four key findings. First, the pandemic had a negative impact on the life
satisfaction of children with a chronic condition, but our data showed no clinically
relevant changes in internalising symptoms or psychosomatic health during the pandemic
compared to before. Second, compared to healthy peers, children with a chronic condition
experienced poorer life satisfaction and psychosomatic health during the pandemic, but
internalising symptoms did not differ between groups. Third, compared to boys, girls
robustly reported worse mental wellbeing, and this difference was apparent regardless
of the pandemic or their disease state. Fourth, stricter governmental restrictions % were
significantly associated with poorer life satisfaction, more internalising symptoms, and
worse psychosomatic health in both children with a chronic condition and healthy peers,
with the stringency index explaining up to 28% of variance in psychosomatic symptoms.

Adolescents with a chronic condition might be particularly susceptible to the effects
of the pandemic on mental wellbeing. Our study found that, compared with healthy
peers, children with a chronic condition experienced both decreased life satisfaction
and decreased psychosomatic health during the pandemic; however, this difference was
probably pre-existing. We performed an additional analysis with pre-pandemic WHISTLER
data that showed a mean difference in life satisfaction in both cohorts of 0.5 points before
and during the pandemic. This suggests that children with a chronic condition did not
experience more distress than healthy peers due to the pandemic, but that the difference
was there before, and remained without increasing.

Previous studies of mental wellbeing in children during and before the pandemic can be
used to benchmark our findings, keeping in mind that these studies likely did not evaluate
mental wellbeing throughout the first year of the pandemic, and that little literature is
available on the impact of the pandemic on wellbeing in children with a chronic condition.

Zijlmans et al. 3 compared a clinical paediatric sample (aged 8—18 years, n = 90, including
juvenile idiopathic arthritis, endocrinological diseases, and cystic fibrosis) with the general
population (n = 844), and reported significantly better scores for anxiety, depressive
symptoms, and anger in the clinical sample; however, they collected data in a relatively
small group and small timeframe at the beginning of the Dutch pandemic (April-May
2020), making their data difficult to compare with our data. Nevertheless, children with
pre-existing mental health problems had lower mental wellbeing than children with
somatic disease or healthy peers. The findings suggest that it is possible that some children
growing up in more challenging circumstances—such as those with a chronic illness—are
more resilient than healthy children.. Therefore, follow-up research within our research
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field should aim to identify what risk and resilience factors might influence changes in
mental wellbeing during the pandemic—especially in subgroups at higher risk of mental
health problems. As a result, we hope that when another pandemic occurs, we will have
a better understanding of which children need additional observations and support.
A recent study in children with genetic generalised epilepsy showed emotional and
psychological resilience during the COVID-19 pandemic; we wonder whether this is also
the case transdiagnostically (across disease groups) and in comparison to healthy peers
3, Arecent review of 116 articles that evaluated the impact of the pandemic on the mental
health of children—including children with a chronic condition—concluded that children
with neurodiversity and/or chronic physical conditions were more likely to have negative
mental health outcomes such as fear, anxiety, and depression compared to healthy peers “°.
This is not consistent with our findings, as we found no changes in internalising symptoms
in children with a chronic condition. This may be due to differences in outcome measures,
as well as the relatively small numbers of children with a chronic condition in this review.
Notably, less than 15% of the available studies in this review used validated instruments,
which the authors rightly state leads to challenges in interpreting the clinical relevance
of mental health impacts and differentiation between adaptive symptoms and mental
illness. Neither study considered the relationship between mental health outcomes and
the degree of governmental restrictions.

We showed that a stricter OxCGRT stringency index ¢ was associated with worse life
satisfaction, more internalising symptoms, and worse psychosomatic health in both
children with a chronic condition and healthy peers. These data suggest that distress is
associated with the degree of governmental restrictions. Our results are consistent with
a recent systematic review 4 that reported on the association of school closures during
the broader social lockdown of the first waves of the pandemic with mental health, health
behaviours, and wellbeing in children aged 0-19 years. The authors found that school
closures and social lockdown during the first wave of the pandemic were associated with
adverse mental health symptoms (such as anxiety and distress) and health behaviours
(such as reduced physical activity and more screen time) 4; they could not distinguish
between the effects of school closures and broader social lockdown measures.

Our and their findings support the idea that the potential epidemiological benefits of
closing schools during broader social lockdown measures for infectious disease control
must be weighed against the potential adverse effects on mental wellbeing and health
behaviours in children. These findings are important for informing government and
society about the adverse impacts of the pandemic on children’s mental wellbeing with
regard to closure measure choices, and also advocate the use of the stringency index in
this type of study.
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Some strengths and limitations deserve consideration. Our findings are novel and
exploratory in nature; independent replication by other research teams would greatly
strengthen the conclusions. Our data do not allow us to identify links between different
lockdown measures—for example, between school closures/social distancing and mental
wellbeing outcomes—nor was it possible to identify which children are most at risk of
adverse mental health outcomes. Therefore, it is of interest for future research to consider
the extent of governmental restrictions in studies that include mental wellbeing as an
outcome measure for the impact of the pandemic, as well as to identify risk and resilience
factors that may influence the impact of the pandemic on mental wellbeing in children.
The inclusion of two cohorts from the same geographical area and with harmonised
measurements is a strength of the present study. Additional strengths include the
relatively large sample size and the inclusion of several indicators of mental wellbeing. An
interesting future directive would be to substantiate the recorded subjective information
with objective biomarkers (e.g., cortisol as a marker of stress), as this may provide a more
comprehensive understanding of our findings.

5. CONCLUSIONS

To conclude, children with a chronic condition reported lower life satisfaction during the
pandemic than before the pandemic. Compared to healthy peers, both life satisfaction
and psychosomatic health were worse in children with a chronic condition. COVID-19
governmental restrictions were associated with all indicators of mental wellbeing, and
explained up to 28% of the observed variation in both children with a chronic condition
and healthy peers. Further research should focus on determining the clinical relevance
of these findings, and explore strategies to identify those children most at risk of serious
deterioration in mental wellbeing.
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SUPPLEMENT 1:

Summary of used instruments

Instrument Content/subscales Items Values

Cantril ladder How do you feel about your life? 1 0 (worst possible life) to 10
31,32 (best possible life)

Life satisfaction

RCADS Total score @ 47 never, sometimes, often,
3334 always

Internalizing higher score = more severe
symptoms symptoms

HSBC-SCL 2017 How often have you suffered from 10 About every day; more than

15,38

Psychosomatic health

the following in the last 6 months?
- Headache
Stomach ache
- Backache
- Unhappy
- Moody
- Nervous
- Dizzy
- Tired
Exhausted®
Difficulties getting to sleep®

once a week; about every
week; about every month,;
rarely or never

a. The total score was used for the analysis. Domains correlate >0.07 with the total score
b. Since 2017, the HBSC added tired and exhausted to the Dutch HBSC questionnaire®
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CHAPTER 10

RESILIENCE IS NOT A SUPERPOWER*

*Translated into English from the original blog titled ‘Veerkracht is geen superkracht’.

For over two years, our lives have been dominated by the COVID-19 pandemic.
Newspapers were filled with stories of young people struggling with burnout
symptoms, depression, and loneliness. However, not everyone was equally affected
by this crisis. Most young people demonstrated psychological resilience; they proved
to be flexible and adaptive in dealing with the consequences of lockdowns, maintaining
their mental wellbeing. This kind of resilience almost seems like a superpower: those
who are resilient simply handle stress better. But is that really the case?

WHAT IS RESILIENCE?

Resilience is not a superpower. Resilience involves the process of maintaining mental
health in response to a stressful event *. This can involve staying or becoming mentally
healthy during a stressful experience, as well as regaining mental wellbeing some time
after the stressor has occurred. What makes people resilient depends on a wide range of
factors. These factors can be categorized into personal factors and factors in the (social)
environment. Examples of personal factors include your genetic makeup or your body’s
hormonal response to stress. Factors from the (social) environment include support from
parents or friends, as well as the culture and/or religion of a country and the era in which
we live 2. All these factors are referred to as resilience factors 3-6. To illustrate, we will
share the story of Sjors (a fictional name):

Sjors is 14 years old and lives with his mother in Utrecht. His mother is diagnosed with a mood
disorder, which seems to be reasonably well controlled at the moment. However, Sjors finds
himself concerned, particularly on days when his mother stays in bed and does not go to work.

Fortunately, Sjors has a robust social network. He often hangs out with his friends on the soccer
field, and with a few guys, he discusses his feelings and the dynamics at home. The parents of
his friends are aware of the situation and regularly invite Sjors to join them for meals. They
offer support, ask about his needs, and actively engage in helping him navigate through this
challenging home situation. This approach allows Sjors to handle his home life effectively.

In early 2020, the COVID-19 crisis unfolded, disrupting Sjors’s life. He could no longer attend
school, was restricted to being indoors, and lost invitations to his friends’ homes. His mother
became disoriented and experienced sudden, unprovoked fits of rage. Sjors felt scared, stress
levels escalated, and he found himself with nowhere to turn, feeling increasingly isolated and
miserable. The school arranged online classes, but Sjors struggled to keep up. Recognizing that
some students were falling behind, the school implemented an online after-school buddy system.
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This buddy system allowed Sjors to discuss his home situation with friends and teachers. The
school involved social work to provide assistance to both Sjors and his mother. Additionally, his
friends organized game nights, offering Sjors much-needed support. Gradually, he started to
feel more at ease and mentally well again.

A COMBINATION OF RESILIENCE FACTORS

Sjors openly discussed his emotions, possessed an easygoing nature, and benefited from a
supportive social network, enabling him to adapt positively to his home situation. However,
these resilience factors diminished when the COVID-19 crisis began. He experienced stress
due to the mental challenges of his mother. This chronic stress led to prolonged activation
of the stress system, resulting in a high presence of stress-related hormones in Sjors’s
blood and brain. This has immediate and long-term consequences for the functioning and
development of his brain 7. Eventually, support from school, along with a different form of
friendship, helped reduce Sjors’s stress levels, ultimately restoring his mental wellbeing.

This example illustrates how different resilience factors, e.g., neurobiological factors,
support from friends and school, and the contemporary era we live in, contribute to our
ability to function resiliently—both now and in the future.

IS RESILIENCE MEASURABLE?

Considering resilience as a dynamic process dependent on personal and (social)
environmental factors, it becomes clear that resilience cannot be measured with a
single simple test. Just as fever is measured with a thermometer and heart rate with a
stethoscope, resilience cannot be measured using an online questionnaire or a blood test.
Such a measurement would provide too restricted a view of the resilience concept.

However, there are ways to assess resilience. Resilience comprises mental wellbeing during
and after stress. To measure this, it is important to assess mental wellbeing both before
and after the stressful event. This approach allows us to interpret how someone responds
to a stressor, investigating whether their mental wellbeing remained the same or declined,
and how long it took for their wellbeing to return to its usual state. By measuring multiple
indicators of mental wellbeing, a more complete picture can be formed regarding resilience.
For instance, focusing solely on depression might overlook symptoms of anxiety, or vice
versa.

Finally, it is important to measure the (severity of the) stressor as well. By doing so,
mental wellbeing can be compared to that of others who experienced the same stressor.
For example, while all young people were at home during (parts of) the COVID-19 crisis,
not all had a mentally ill mother like Sjors. When Sjors functions in terms of his mental
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wellbeing just as effectively as a peer with a secure home situation, he demonstrates
more resilience. He has a higher mental wellbeing than expected, given the severity of
the stressor he has experienced.

CONCLUSION

Resilience is not a personal superpower, but a process of adaptation to maintain or regain
mental wellbeing during or after a stressful event. Factors that support resilience exist
both within the individual, but also in the environment in which the individual is situated.
This implies that each of us can contribute to the resilience of those around us. So, talk,
meet up, support, and laugh with friends and family: that is your true superpower!
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CHAPTER 11

To better understand the various colors of resilience in adolescents, this thesis examined
adolescent mental wellbeing before, during and after facing disease-related challenges.
The investigated challenges were related to chronic health conditions and the COVID-19
pandemic.

In this general discussion, I will first present recommendations that may help
future researchers when starting to study resilience in the pediatric healthcare field.
Subsequently, I will delve into the implications of our findings and the novel research
challenges they pose regarding resilience research in youth. Finally, I will explore the
strategies how to integrate resilience research into pediatric healthcare.

A. RESEARCHING RESILIENCE IN PEDIATRIC HEALTHCARE;
SOME LESSONS FROM LITERATURE

Over the last decennia, researchers studying resilience have portrayed resilience in various
colors. As stated in the introduction, some have regarded resilience purely as a trait, others
depicted resilience as a complex combination of multiple factors including various traits,
skills, beliefs, and behaviors, as a dynamic process, or as an ultimate outcome *-¢. Our
scoping review in Chapter 2 shows that multiple definitions of resilience are used in current
pediatric healthcare literature considering youth with a chronic health condition. In the
included articles of this review, resilience is both conceptualized as a dynamic concept
that signals a positive adaptive response to stress or adversity, and as a personality trait
7. These different conceptualizations of resilience lead to a variety in measurements, as
also structurally reported in this scoping review. Resilience is measured, for instance, by
assessing mental health following a stressor. It can be qualified as a trait or skill, or even
quantified as a score obtained from a resilience questionnaire 7. This variety in definitions
and instruments makes it challenging to interpret the findings of resilience research ¢-°.

Therefore, the recommendations on the definition and measurement of resilience might
assist researchers in the pediatric healthcare field. By describing what experts in resilience
research see as the primary colors of resilience research in general, I aim to provide fellow
researchers with a basic palette, serving as a starting point for portraying resilience.

1. Standardizing the definition of resilience

Over the last two decades, leading experts agreed that resilience should be seen as a
dynamic concept of a positive adaptive response following an adversity 5. In this line of
thought, Kalisch et al. proposed the following operational definition in 2017: resilience is a
dynamic process that involves adaptation to a stressor leading to the maintenance or the quick
recovery of mental health °.
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This operational and standardized definition of resilience empowers researchers from
diverse theoretical backgrounds to establish a common foundation regarding the concept
of resilience. The adoption of such a standardized definition has the potential to clarify the
complex concept of resilience and mitigate the oversimplified use of the term ‘resilience’
6. Moreover, it enables the use of suited study designs and measurement tools, facilitating
easier summarization and comparability of results. This might shed light on novel
opportunities for interventions and identify gaps in current knowledge.

This definition avoids assuming a specific theory about the essential mechanisms leading
to resilient outcomes. Therefore, it can be applied transdisciplinary across various
scientific fields and tailored to specific adversities or study domains. In the context of
youth with a chronic health condition, adaptation to a stressor may manifest as academic
achievement, rather than in mental health in general ¢. The definition of adversity can also
be adjusted to what is relevant for the population under study. Please see recommendation
2 for more information.

Adopting Kalisch et al’s definition of resilience had significant implications for the study
design and assessment of resilience. The following recommendations (2, 3, and 4) are
therefore derived from and dependent on this definition.

2. Defining and assessing the adversity

In the field of pediatric healthcare, it is imperative to thoughtfully define adversity
when considering resilience. There is a wide range of adversities and challenges one
can endure, and even more relate to having a chronic health condition. To illustrate,
individuals dealing with a chronic health condition already face diverse challenges
related to the disease, including, but not limited to, the diagnosis, fluctuations in disease
severity, exacerbations, intensive treatments, physical symptoms, perceived burden,
social difficulties, and existential challenges ». The adversity, and its severity should be
defined and quantified as clearly as possible. This will be valuable in statistical analyses
and enhance comparability between resilience studies within the same population.

The adversity, and its severity, can be measured in various ways. Adversities can be
quantified, by clear descriptives or cut-off points for diagnosis, or by using continuous
variables such as serum HbA1c to diagnose diabetes, or a lung function test to establish
the severity of asthma. Chapter 6 shows that individuals with a chronic health condition
who self-report as having a chronic health condition experience a lower wellbeing
than their peers who do not self-report having a chronic health condition. The level of
perceived burden, rather than the actual burden itself, is presumed to influence their
subsequent adaptation responses »*. Hence, incorporating self-assessed evaluations of
how individuals perceive their chronic health condition broaden the comprehensiveness
of the adversity assessment. Furthermore, adversities have the tendency to co-occur with
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one another. Individuals exposed to a chronic health condition experience often multiple
adversities °. A cumulative score of multiple disease-related challenges might be taken
into account as well.

Lastly, some aspects of having a chronic health condition are time-related; for instance,
the potential improvement or progressive nature of its course, and the frequency of
relapses or exacerbations. These time-related aspects may exert an influence on the
adaptation process. Therefore, researchers studying resilience should carefully consider
when and over which timeframe the adversity is measured.

3. Longitudinal study designs

Considering resilience as a dynamic process, an ideal study design would be of a
longitudinal nature, observing participants over an extended period 7. Ideally, this design
involves assessments of outcomes related to, for instance, mental health both before,
during, and after the experience of an adversity.

Conducting longitudinal studies within pediatric healthcare is easier said than done,
yet could in practice be less restrictive than it initially may sound. This preferred study
design introduces specific challenges, especially in the face of disease-related challenges.
Obtaining a baseline mental health measurement before the disease’s onset is challenging,
given that the onset of most diseases is seldom predictable. Moreover, especially in
medical settings, patients often come under our care when they are potentially already
experiencing or have experienced adversities that we aim to investigate, such as the
disease itself. Furthermore, obtaining a mental health measurement after exposure may
pose distinct challenges within the context of chronic health conditions, as the term
“chronic” implies a sustained or ongoing condition, challenging the concept of a distinct
‘after’ period. The feasibility of longitudinal studies with assessments of mental health
outcomes prior, during, and after experiencing the adversity might be dependent on the
definition of adversity (please see Recommendation 2).

Following this guideline could, in practice, be less restrictive than it initially may
sound. (Advanced) statistical methods can be employed to simulate causal inferences, or
conditions can be formulated to articulate statements regarding resilient functioning in
cross-sectional studies. I will discuss these statistical methods in the third section of this
general discussion ‘integrating resilience research in pediatric healthcare’.

4. Distinction between resilience as an outcome or as a factor

The proposed definition by Kalisch et al. not only implies that resilience is a dynamic
process, but also that resilience leads to a certain outcome, guiding researchers on how
to measure resilience . The dynamic nature of resilience suggests that resilience is not
restricted to a single stable or fixed aspect, such as a trait or a personality characteristic.
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Instead, resilience appears to be an emergent phenomenon that arises from various
mechanisms during or after exposure to a stressor . Therefore, measuring the concept of
resilience with solely a score on a resilience questionnaire test lacks meaningful coherence °.

To this end, Chapter 2 proposes a clear distinction between resilience as an outcome and
resilience factors. When resilience is assessed as an outcome of positive adaptation to
adversity, we seek to understand an individual’s mental health after the adversity. When
researchers seek to capture why individuals are able to positively adapt and maintain
or regain positive outcomes, they should preferably focus on resilience factors, which
facilitate positive adaptation to adversity 22 Certain traits, alongside other fixed factors
(e.g.aparticular genetic makeup, or a particular brain structure) may reduce an individual’s
susceptibility to develop mental health issues following the adversity, and can therefore
be considered as resilience factors 2.

Chapter 2 also outlined the considerations for determining which outcomes or factors
to assess. We emphasized that choosing positive outcome measurements for resilience
outcomes is more straightforward when assessing positive adaptation than using negative
outcome measurements 7. However, current literature in pediatric healthcare, often
selects negative outcomes, such as anxiety and depressive symptoms 72425, Children and
adolescents are identified as being resilient when they do not experience these symptoms.
However, the absence of these negative outcomes does not necessarily imply the opposite;
the presence of a sound mental health 2¢2°. Furthermore, assessing continuous scores
often offers a more comprehensive understanding of variables, in contrast to a binary
classification’.

When selecting appropriate resilience factors in youth, one must consider the variability of
chronic diseases in predictability, treatment, side effects, life expectancy, and challenges.
Resilience factors may contribute differently to positive adaptation in specific disease-
related challenges. Self-esteem and self-efficacy in treatment management contribute
to resilience, yet their impact may vary across diseases 7. To illustrate: high levels of
self-esteem are associated with demonstrating resilience, and pediatric cancer patients’
self-esteem may be challenged due to changes in physical appearance. Trying to improve
self-esteem might contribute to better adaptation. On the other hand, self-efficacy in
treatment management might contribute less to resilience in pediatric cancer patients,
given the typical hospital settings regarding treatment.
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B. DISEASE-RELATED CHALLENGES IN ADOLESCENTS AND
IMPLICATIONS FOR RESILIENCE RESEARCH

In this section, Iwill initially assess how the results of the empirical chapters of this thesis
(i.e. Chapter 4 through 9) addressed the identified knowledge gaps. And while abstaining
from drawing definitive conclusions about the resilience I will now explore whether the
studied population demonstrated resilience in each empirical chapter. Additionally, I will
discuss how my findings contribute to the implications for future resilience research in
pediatric healthcare, addressing each chapter separately.

1. Cystic Fibrosis

Cystic fibrosis (CF) is an multiorgan disease caused by defects in the cystic fibrosis
transmembrane conductance regulator (CFTR)-protein due to genetic defects . The
introduction of new medications (CFTR modulators), the triple combination elexacaftor/
tezacaftor/ivacaftor (ETI) in particular, has marked a new era in the management of CF.
These medications fundamentally altered the perception of CF from a life-threatening
condition to a chronic disease characterized by improved disease manifestation and
expected improved life expectancy 332,

ETI significantly improves lung function and reduces pulmonary exacerbations 323.
Gaining access to ETI therapy is, therefore, considered a positive and major life event
34, Unexpectedly, several case series reported that a subset of individuals experienced
a decline in their mental health following initiation of ETI therapy 3-%". Long term
longitudinal studies systematically investigating changes in mental health after initiation
of ETI are not available yet. Therefore, we conducted a prospective, longitudinal study
and identified that people with cystic fibrosis experienced a significant and clinically
relevant improvement in their psychosocial health following the initiation of ETI. People
using psychotropic medications at baseline reported structural lower psychosocial
health scores, compared to their peers without using these medications. Yet, we did not
find differential changes regarding psychosocial health after ETI between the analyzed
subgroups. To gain a deeper understanding of those who may experience mental health
issues after commencing ETI, future studies could shift their focus towards examining
several potential predictors of changes in psychosocial health, instead of concentrating
solely on a single factor as we did in our subgroup analyses 3-3”. People are more than
a set of numbers such as age, sex, or lung function. Perhaps the combination of these
biological factors could be distinctive in terms of changes in psychosocial health after
the initiation of ETI. Furthermore, incorporating psychological factors, such as illness
identity (defined as the degree to which a chronic health condition becomes integral to an
individual’s sense of self) or illness perception (defined as one’s perception of their disease
as threatening), could yield valuable insights 38-4°. Psychosocial health is influenced not
solely by the physical aspects of a chronic health condition, but also by how individuals
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perceive and engage with these aspects. Insight in the mechanisms of these psychological
factors could potentially enhance patients’ awareness of the impact of their condition on
their daily lives and self-perception, making these factors viable targets for therapeutic
interventions 4.

In the context of investigating resilience within the provided definition (Recommendation
1), this study sample demonstrated resilience as their psychosocial health was maintained
and even increased on group level after commencing ETI. We applied a longitudinal,
prospective study design with pre- and post-exposure assessments, (Recommendation 3)
and measured the resilience outcome using positive and continuous outcomes measures
regarding mental health (Recommendation 4). Considering that previous literature
suggested that only a minority experienced reduced mental health after starting ETI,
as opposed to the majority reporting positive changes, we sought to identify who might
be at risk or what factors may or may not contribute to the risk (Recommendation 4). In
light of Recommendation 2, one could argue that accessing to ETI is not an adversity, but
rather a positive life event - as also stated in Chapter 4. This argument raises the question
whether people with CF experience ETI therapy as an actual adversity. An individual’s
subjective perception of starting ETI, regarding their hopes and expectations of ETI, could
have played a significant role. Hence, incorporating self-assessed evaluations might have
revealed the extent to which this positive life event was perceived as a stressor rather
than an opportunity. This information could have been valuable and at use. For example,
conducting stratified analyses or employing mediation analyses based on the extent to
which individuals perceive accessing ETI therapy as a stressor or an opportunity might
offer insights into why some people experience a negative change in mental health
following ETT therapy. In conclusion, I recommend incorporating subjective perceptions
of initiating ETT into future research (Recommendation 2).

2. Asthma

Much of the current literature on the association between asthma and mental wellbeing
relies on cross-sectional studies, which limits the ability to draw inferences about the
impact of asthma on mental wellbeing during adolescence 4>7%. In our prospective,
longitudinal cohort, we found that adolescents with asthma did not exhibit lower mental
wellbeing when compared to their healthy peers, although they did report a lower level
of perceived general health 4°.

These findings indicated that despite growing up with asthma, affected adolescents can
still experience a good mental wellbeing. This illustrates, that asthmatic adolescents
demonstrate resilience, as interpreted by the definition in Recommendation 1. By following
the recommendations presented above further investigation into the impact of asthma
on mental wellbeing may be warranted. Although we used data from a prospective,
longitudinal study (Recommendation 3), we might have missed the most critical
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developmental years concerning disease onset, severity and consequently, adaptation to
asthma-related challenges. According to the literature, asthma is most likely to develop
during childhood and asthma remission occurs most commonly between the ages of 14 to
21years 4748, No self-reported data regarding mental wellbeing was available of children
younger than eleven years old, which made it impossible to check this assumption.
However, not including this data might have resulted in underestimating the impact of
asthma on mental wellbeing in Chapter 5 %.

Not only the timing of measuring the adversity is of importance, also adequately
measuring the severity of the adversity (Recommendation 2). With regard to asthma,
inadequate control yields a multitude of adverse consequences for affected children and
adolescents, influencing not just their physical health but also their mental wellbeing and
academic performance. Poor control can lead to severe symptoms, and in some cases, even
life-threatening asthma attacks 5°. Asthma control is identified as the most important
determinant of health-related quality of life 5. Poor asthma control is associated with
heightened rates of school absences, increased demands for educational support, and
diminished academic achievements 5. As we did not have data regarding asthma control,
we used current medication use as a proxy. Unfortunately, we did not have any data
regarding the level of asthma control when using these medications. Therefore, to obtain
a comprehensive understanding of resilient functioning in adolescents with asthma,
I propose, for future research, to use data collected from childhood up to adolescence
(Recommendation 3), incorporating disease severity by both subjective and objective
measures of asthma control (Recommendation 2).

3. Self-reporting on having a chronic health condition

Both self-reporting a chronic health condition (regardless of diagnosis or further medical
context) and having a chronic health condition (regardless of one’s “willingness” to report
it) are associated with lower psychosocial health »5-%. However, it is still unknown
whether self-report of a chronic health condition in adolescents with a physician diagnosed
chronic health condition also is associated with a poorer psychosocial wellbeing. Chapter
6 investigates differences in psychosocial wellbeing among adolescents with a physician
diagnosed chronic health condition who self-report or do not self-report having a chronic
health condition. Out of the 1009 included adolescents with a clinical diagnosis, 270 (26.7%)
were reporters. Our findings revealed that reporters had significantly worse outcomes in
all psychosocial domains assessed, a pattern that seems to hold across some, but not all,
disease groups.

Unlike the previous chapters, this study had a cross-sectional design which precludes
drawing firm conclusions about resilient functioning of the study group. Nevertheless,
Chapter 6 suggests that subjectively reporting on a chronic health condition also impacts
psychosocial functioning. We hypothesize on underlying mechanisms about why reporting
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or not reporting might affect adjustment to disease-related challenges. Associations
may, for instance, exist between reporting status and experiencing more severe disease
symptoms or, conversely, there may be an association with the perception of a higher
burden, independent of disease severity . Future research might find an opportunity
in longitudinally (Recommendation 3) assessing the cumulative effect of subjective and
objective aspects of disease-related adversities (Recommendation 2), attempting to better
understand the association between psychosocial wellbeing and reporting status.

Moreover, future research might delve into understanding the factors influencing whether
or not to report having a chronic health condition, by trying to identify resilience factors
(Recommendation 4). Future research could, for instance, focus on the relation between
illness identity, reporting status, and psychosocial health. For example, one could argue
that whether someone reports having a chronic health condition depends on how the
condition is integrated into their identity. Forming an identity is conceptualized as 1)
the extent to which an individual successfully integrates various self-elements into a
cohesive sense of self, and 2) how this cohesive sense of self manifests in daily activities,
influencing decisions and values 5. When facing a chronic health condition, individuals
need to relate to their condition which can lead to constructing or reestablishing a new
sense of self, wherein the condition becomes integrated in their identity. This phenomenon
isrecognized as the development of illness identity 3*57. Illness identities characterized by
acceptance of the condition or viewing the condition as an enrichment in life are positively
linked to mental wellbeing, and could therefore function as resilience factors. Conversely,
when an individual rejects the condition regarding their identity or perceives it as a total
engulfment on their identity, then there is a negative association with mental wellbeing
58, These identities could be risk factors for adaptation to disease-related challenges. The
exploration of the relationship between illness identity, reporting status, and psychosocial
functioning, may reveal new mechanisms for positive adaptation in the face of disease-
related challenges, offering potential targets for therapeutic interventions.

4. The Coronavirus Disease 2019 (COVID-19) pandemic

The COVID-19 pandemic has been considered to be a major threat to mental health of
youth, emphasizing the need to research adolescents’ wellbeing during the pandemic -2,
Our studies showed that adolescents reported an interesting picture of mental wellbeing
throughout the first year of the pandemic, as not all mental wellbeing outcomes exhibited
similar patterns of change. Life satisfaction decreased, internalizing symptoms remained
stable, and psychosomatic health showed improvement %

Since the onset of the COVID-19 pandemic, there has been a substantial growth of literature
concerning the mental health of children and adolescents. Multiple systematic, scoping
and umbrella reviews have been published in an attempt to consolidate the breadth of
findings %-73. Among these reviews, numerous differences in e.g., study design, outcome
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measures, and analyses were observed, which had an impact on the presented results
and interpretations. For instance, some reviews included multiple measured outcomes
and reported indictors of both positive and negative mental health 7°-73. Others solely
focused on one or two topics, such as depression and anxiety, loneliness, or suicide, suicidal
ideation and self-harm ¢7-¢. With regard to the study design, some reviews did make a
distinction between cross-sectional and longitudinal studies of the original (included)
studies into account when presenting the results, but others did not ¢5-73. Considering this
distinction did have implications for interpreting the results of the reviews. To illustrate,
some reviews presented a high prevalence of mental health problems during the pandemic,
such as depression, anxiety, loneliness, and sleep disorders, but did not elaborate on
whether these problems were pre-existing 7. No conclusions could be drawn about
whether these symptoms had increased due to the pandemic. The majority of the reviews
-only including the results of longitudinal studies- did find a decrease in indicators of
good mental health (e.g., life satisfaction and positive affect) and an increase in indicators
of mental health problems (e.g., internalizing symptoms and stress) ¢7-%°. However, some
reviews identified that there were also studies that reported no changes in mental health,
or reported an increase in indicators of good mental health and a decrease in indicators of
mental health problems 57173, Focusing on multiple outcomes, using pre-post longitudinal
studies, with a within-subjects design, might therefore yield more nuanced results . With
regard to resilience research, focusing on positive outcomes, rather than negative ones,
might give a better representation of positive adaptation to a stressor (Recommendation ).

Differences in timing and locations (e.g., country or region) of assessments across the
studies examined could significantly have contributed to the discrepancy in results of
our findings compared to (some) reviews. Varied stages of the pandemic and geographic
locations are associated with fluctuations in infection rates and lockdown measures .
Hence, it may be beneficial to consider only Dutch studies when comparing and interpreting
our results, rather than examining studies conducted worldwide. The Netherlands Youth
Institute summarized the results of 40 studies, conducted in the Netherlands between
March 2020 and April 2022 7. (Our results of Chapter 7, 8 and 9 were cited in this report
03,6475 ) In their report, the researchers concluded that not all children and adolescents
responded similarly to the COVID-19 pandemic, explaining the differences in findings.
However, it can be said in general that most children and adolescents reported a heightened
degree of depressive symptoms and perceived a lower quality of life 7. The results in the
presented reviews and reports indicated that while some adolescents seemed to have
adapted and therefore remained or maintained their mental wellbeing, others had not.
This leads us to the question: which (sub)groups demonstrated resilience, and which (sub)
groups reported lower mental health?

Youth with a chronic health condition are more likely to experience mental health issues
compared to peers, and they often face physical and psychosocial challenges 970-5.,
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Therefore, they might be more vulnerable to developing mental health issues during
the COVID-19 pandemic. We focused on the comparison between mental wellbeing of
adolescents with and without a chronic health condition during the COVID-19 pandemic
(Chapter 9). Data was collected at different moments in the pandemic, encompassing
various stringencies. The results showed that although adolescents without a chronic
health condition had a higher life satisfaction compared to adolescents with a chronic
health condition during the COVID-19 pandemic, this difference seemed to exist before the
pandemic and persisted during the pandemic. Keeping the limitations in mind regarding
differences in local lockdowns, a longitudinal study (intra pandemic assessments in March
2020, December 2020, and March 2021) with Canadian children (mean age of 9.4 years)
with rheumatological, respiratory and hematological conditions, showed similar results:
having a chronic health condition was associated with higher levels of distress before the
pandemic, but not with intra-pandemic distress, when compared to healthy peers . A
cross-sectional study conducted in Brazil (July-October 2020) showed that adolescents
with preexisting chronic immunosuppressed and/or immune-mediated conditions (mean
age of 14 years) did not report more mental health issues during the pandemic, compared
to their healthy peers (mean age of 15 years) . Moreover, Zijlmans et al. identified that
a Dutch clinical sample of youth (mean age of 12.8 years) with chronic health conditions
like juvenile idiopathic arthritis, endocrinological diseases, and cystic fibrosis exhibited
significantly better scores in terms of anxiety and depressive symptoms during the
pandemic (March-April 2020) compared to before 8. Based on this sparse literature, we
can tentatively assume for now that adolescents with chronic health conditions are not,
on average, at higher risk for mental health problems during the COVID-19 pandemic
compared to their healthy peers.

Reviews did identify other potential groups to be at risk for mental health problems during
the pandemic. Adolescents (aged 12-18) seem to be more susceptible to adverse mental
health changes compared to younger children (aged 6-12) . Moreover, a more significant
decline in mental health was identified among individuals who had pre-existing mental
health issues before the COVID-19 pandemic, particularly in female adolescents 67784,
Some research suggested that individuals with relatively higher income backgrounds were
more at risk, while other studies indicated that the most significant declines in mental
health occurred in families with low socioeconomic status, a migration background,
and/or limited living space 77, Participants from the WHISTLER birth cohort were
recruited from the general population living in a relatively affluent and newly built
suburb of Utrecht, the Netherlands #. As a result, adolescents with parents having a lower
educational background and a non-Western migration background were underrepresented.
Consequently, we did not have the statistical power to test whether adolescents with
different educational, socioeconomic positions, ethnic, and/or cultural backgrounds were
more at risk. Therefore, the results of Chapter 7 and 8 regarding this factors may not be
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generalizable to the general Dutch population and explain differences in findings between
our studies and systematic reviews and reports.

Within the context of investigating resilience within the provided definition of
Recommendation 1, the WHISTLER adolescents, our study population of Chapter 7 and
8, seemed to respond more resiliently than the Dutch population in general during the
COVID-19 pandemic. Contrary to the findings of the Netherlands Youth Institute, our study
population showed no increase in (clinical) depressive symptoms compared to the situation
before the pandemic. However, as not all measured mental wellbeing outcomes exhibited
similar patterns of change (i.e., life satisfaction decreased, internalizing symptoms
remained stable, and psychosomatic health showed improvement), we cannot simply
categorize our study population as either resilient or non-resilient. Instead, it exhibits
various shades of color. Based on the results of Chapter 8, our study demonstrates that
resilience was affected by the pandemic: based on life satisfaction, it appeared as though
the adolescents did not function resiliently, but when we consider other aspects of mental
wellbeing, we see that they were. It is important to note that although our longitudinal
assessments of mental wellbeing were conducted before and during the pandemic
(Recommendation 3), we do not have follow-up assessment after the pandemic was ended.
Therefore, we do not know whether post-pandemic mental health levels returned to pre-
pandemic levels. Notably, the provided definition of resilience implies that mental health
outcomes should ideally be measured after experiencing the adversity, a task challenging
to implement during chronic or enduring adverse events . Fluctuations in the severity of
adversity may serve as a proxy. Some follow-up rounds of Chapter 8 occurred during more
stringent lockdown periods, while other rounds were during more lenient phases. During
the latter period, life satisfaction seemed to return to pre-pandemic levels.

Furthermore, despite the longitudinal design, it is difficult to determine causal relationship
between the stringency of the lockdown and adolescent mental wellbeing. Although mental
wellbeing was most impacted during the most stringent parts of the pandemic, other
factors, such as the duration of the lockdown, might be another driver of these negative
outcomes. Chapter 7 identified that concerns about COVID-19 pandemic were associated
with a lower life satisfaction and more internalizing symptoms in the first lockdown. But,
as the pandemic progressed, other factors might have had a cumulative effect in terms of
the adversity, such as the duration of the pandemic, increased loneliness over time, and
financial problems that developed during the pandemic. Combining objective pandemic
measures with subjective adolescent experiences at various points could offer additional
insights (Recommendation 2).
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C. INTEGRATING RESILIENCE RESEARCH IN PEDIATRIC
HEALTHCARE

With the recommendations presented before, I aimed to describe what experts see as the
primary colors of resilience research in general. When integrating resilience research into
pediatric healthcare, there are additional colors to consider. In the following section, I will
delve into the complexity of researching the underlying mechanisms of resilience, address
methodological challenges and opportunities, discuss advanced statistics regarding
resilience research, and consider how to optimally align outcomes for the benefit of all.
Finally, I will conclude with a personal note based on Chapter 10.

1. Capturing complexity of resilience

Current resilience research in pediatric healthcare is quite descriptive, rather than
explanatory. Unfortunately, resilience factors are generally accounting for only a small
portion of the variability in long-term mental health within populations exposed to
stressors or trauma 6. Furthermore, numerous factors exhibit conceptual similarities
and are interconnected, correlated, or influenced by each other 787. It would therefore be of
value to focus on the underlying mechanisms regarding positive adaptation to an adversity.
Multiple mechanisms from neurobiological and socioecological levels explaining resilience
in the face of childhood maltreatment have been described 11920888 These mechanisms
may not only apply to physical stress reactions in youth who have experienced childhood
maltreatment, but potentially also to those who have faced other adverse events, such as
disease-related challenges ».

The neurobiological mechanisms include increased brain volumes in areas like the
prefrontal cortex and hippocampus, improved connections between brain regions,
favorable genetics, and the capacity to regulate stress-related hormones effectively
through the hypothalamus-pituitary-adrenal system 9239091, Additionally, loannidis et
al. stated that the positive effects from socioecological levels, such as social support from
friends and family, might also be mediated through the neurobiological mechanisms .

In pediatric healthcare, there is a role for future research to explore these mechanisms
underlying adaptation to disease-related adversities and challenges. It is essential to
explore whether there are variations in the underlying mechanisms among different
diseases and between different ages. First, certain conditions may affect the previously
described neurobiological mechanisms, such as those seen in neuro-oncology, autoimmune
diseases, and endocrinological disorders. To illustrate, the craniopharyngioma,
originating from pituitary gland tissue, is a clinically malignant brain tumor due to its
location, despite its histologically benign nature 2. Both the tumor and the surgery for its
removal can impact the function of the pituitary gland, hypothalamus, and optic nerves,
potentially leading to visual impairment, endocrine deficiencies, and obesity, respectively

11 |



CHAPTER 11

92, Regarding childhood craniopharyngiomas, some neurobiological mechanisms
underlying resilience, such as the capacity to regulate stress-related hormones effectively
through the hypothalamus-pituitary-adrenal system, may be influenced by the tumor
itself or treatment of the tumor. Therefore, gaining more knowledge regarding these
mechanisms underlying resilience in specific diseases might lead us to target mechanisms
for therapeutic interventions to increase resilience in specific disease-related challenges.

Regarding age, the neurobiological mechanisms might work differently in the transition
from childhood to adolescence. The adolescent brain undergoes transformative changes;
some regions in the brain mature later than others . In particular, the prefrontal, parietal,
and temporal cortices, which are involved in higher-level cognitive functions such as
mentalizing, planning, and inhibiting inappropriate behavior, show later maturation .
Regarding social relations, adolescents spend increasingly more time with their peers and
friendships become closer and are more influenced by peers than adults »93-%. Adapting
to adversities might be more challenging for adolescents, and underlying mechanisms or
factors, such as cognitive skills, identity-forming, and social support from friends may
become more important during adolescence for resilient functioning. To illustrate, van
Harmelen et al. showed that friendship support, rather than family support, functions
as an significant positive predictor (and is therefore seen as a resilience factor) of both
immediate and future resilient psychosocial functioning in adolescence and early
adulthood %97.

2. Conceptual and methodological challenges and opportunities

Recommendation 3 proposes to investigate resilience through a longitudinal study design,
but also disclaimed that following this guideline is easier said than done, yet could in
practice be less restrictive than it initially may sound. Therefore, in this section I will first
introduce what kind of longitudinal data could be used for resilience research in pediatric
healthcare, and subsequently discuss statistical methods to analyze both longitudinal data
as well as cross-sectional data in the context of resilience research.

In general there are two main types of clinical data regarding longitudinal study designs:
experimental data, from e.g. randomized clinical trials (RCT), and observational data,
from e.g. cohort studies %. RCTs are not often used in resilience research in the pediatric
healthcare field, yet there are examples known where a RCT is employed to assess if specific
resilience factors can be enhanced through interventions, aiming to improve adaptation
to stressors compared to alternative or no interventions 99°°. Cohort studies would be
the preferred choice for resilience research, encompassing non-interventional clinical
research that systematically gathers data from a group of individuals with or without
a chronic health condition . In this thesis, data were used from the following cohort-
studies: the RISE study (Chapter 3 and 4), the PIAMA cohort (Chapter 5), the PROactive
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study (Chapter 6 and 9), the WHISTLER birth cohort study (Chapter 7, 8, and g) 4985101104,
Nonetheless, there are some limitations associated with cohort studies.

Observational cohorts can be time-consuming and resource-intensive, which can pose a
particular challenge in the context of slowly progressive chronic health conditions. In such
cases, collecting all the necessary information may require several years. Furthermore,
most cohort studies often include a fixed framework regarding visits and set of clinical
factors or outcomes for patient assessment, which might lead to missing relevant disease
events that occur between these scheduled visits. Likewise, the choice of measurements
taken is influenced by researchers’ hypotheses and determined in advance, which may
result in the exclusion of elements initially deemed less important %. Additionally, the
study participants in cohort studies often do not represent the broader society. Non-
participants tend to be older, unmarried, immigrants, with lower socioeconomic status,
higher mortality rates, and increased risk of chronic, especially psychiatric, diseases
w5108 Unfortunately, in the Netherlands, like many other European countries, there are
ongoing health inequalities between individuals with higher and lower socioeconomic
position. A lower socioeconomic position is associated with higher prevalence rates of
various chronic physical and mental conditions, diminished self-assessed health, and
numerous lifestyle-related risk factors, including tobacco use and obesity 9", In the
WHISTLER, PIAMA, and PROactive cohort studies, participants with parents having a
lower educational background, a non-Western migration background, or with a lower
socioeconomic position were underrepresented 44636 This underrepresentation limits the
generalizability to the Dutch population and consequently reduces the clinical relevance
of research findings.

Under specific circumstances, the use of real-world data might be an alternative for cohort
studies. It has the potential to mitigate the limitations related to the time-consuming and
resource-intensive aspects of cohort studies, as well as the absence of relevant disease
events and the underrepresentation of certain individuals. Real-world data is defined
as ‘data relating to patient health status and/or the delivery of health care routinely
collected from a variety of sources’ ™ The increasing use of electronic health records
and continuous data registration through digital technology in hospitals, such as vital
parameter monitoring, has led to a substantial expansion in the accessibility of real-world
data. This goes beyond biological parameters and includes the frequent and extensive
use of questionnaires in healthcare. In the Netherlands, for instance, KLIK (in Dutch:
‘Kwaliteit van Leven in Kaart’) is widely used, currently being implemented across 192
patient groups in 47 healthcare-related centers, including in the Wilhelmina Children’s
Hospital . These KLIK questionnaires are used not only to evaluate the psychosocial
functioning and quality of life of patients but also to inquire about potential protective
and risk factors. The results of these questionnaires can offer healthcare professionals
valuable insights. If an individual’s mental health crosses predefined thresholds or shows
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a significant decline from their previous records, healthcare providers can give immediate
feedback and consider whether further assessment or treatment is necessary for their
patients. This approach has already been implemented at the Wilhelmina Children’s
Hospital, initiated by the PROactive study 1>,

Ideally, this real-world data collected during clinical care could also be used for research
purposes, as it includes sufficient aspects to perform resilience studies. A broad consent
policy would enable researchers to use clinically obtained data. This policy entails asking
patients’ consent to anonymously store and re-use their medical data for research, as well
as asking their willingness to share their data with external parties, commercial and/or
non-commercial "4, At the moment, the Wilhelmina Children’s Hospital conducts a pilot to
implement such broad consent policy. Incorporating clinical data on biological and mental
health aspects under broad consent could potentially be the perfect breeding ground for
exploring the underlying (biological) mechanisms behind resilience.

3. Advanced statistical methods

a. Longitudinal data

When analyzing the results of resilience research, researchers may encounter a number
of challenges. For instance, researching how a specific adversity is associated with mental
health outcomes, is challenged by the tendency of adversities to occur with one another.
To illustrate, an adolescent with cystic fibrosis facing an exacerbation due to pneumonia
may encounter several disease-related challenges, for instance heightened symptoms
such as shortness of breath, the necessity for intensive treatment, and a period away from
home and school due to hospitalization. As a result, researchers are confronted with the
question of how to best model the adversity and its associations with outcomes. Cecil and
Schuurmans suggest several options. First, researchers can employ a specificity model,
focusing their attention on a single adversity. By referring to the previous example, the
severity of the exacerbation can be measured by lung function, or oxygen saturation
in blood. This specificity-model could be used to conduct in-depth examinations of
the adversity being studied, such as exploring its timing, severity, and chronicity.
Furthermore, the outcomes can be more readily translated into recommendations for
the field and aid in the identification of specific targets for customized early interventions
related to that specific adversity . Yet, the specificity model does not account for potential
presence of multiple adversities at the same time, and therefore, researchers, using this
model, might not fully grasp the etiology, as well as potential possibilities for devising
personalized intervention approaches. Hence, a cumulative model, using a total adversity
score formed from different adversities related to a stressor, would potentially depict a
more encompassing perceived burden . For instance, researchers could use both objective
(lung function, and oxygen saturation) as well as subjective (shortness of breath, and
impact of hospitalization) measures. However, this cumulative model, using a sum score
of the experienced adversities, implicitly assumes that all adversities hold an equal weight
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in determining the score, a scenario that may not align with real-life circumstances .
By considering the advantages and disadvantages of specificity and cumulative models
in relation to integrating a disease-specific challenge, a more informed decision about
statistical methods can potentially be made when conceptualizing new resilience studies.

When focusing on the association between the adversity and mental health outcomes,
Cecil and Schuurmans discuss different statistical strategies: variable-centered and person-
centered approaches 5. In this thesis, variable-centered approaches were applied, by focusing
how the dependent and independent variables relate to each other. This approach is likely
toyield the greatest benefits at the population level, but its applicability at the individual
level is less certain. The variable-centered approach assumes that the relationship between
variables remains consistent for all individuals within a given population 6. When using
more data-driven methods, a person-centered approach, subgroups of individuals can be
identified, clustered according to key variables of interest, (e.g., patterns of adversity) 7.
Latent class analyses or latent growth analyses are examples of such person-centered
approaches 151718, Choosing the right approach might find new, relevant findings. For
instance, with regard to Chapter 4, on group level an increase in psychosocial health after
initiation of ETI therapy was observed. Yet, in previous case studies individuals were
described with mental health symptoms after initiation of ETI35-37. Using a variable-
centered approach, we did not find a differential change between subgroups. A person-
centered approach, on the other hand, might identify subgroups of individuals based on
unforeseen factors/patterns.

b. Cross-sectional data

Instead of solely relying on longitudinal data to explore resilience following disease-
related challenges, alternative methods using cross-sectional data are also discussed in
literature. The ‘residual’ method is performed to study resilience *92>°. Using this method,
resilience is investigated by assessing the extent to which an individual demonstrates
better or worse outcomes than the average score expected given their experienced disease-
related stressor or challenge. This approach uses residual scores from a (linear) regression,
where the degree of psychosocial functioning as outcome (y-axis) is plotted against the
severity of the adversity (x-axis). Residuals represent the differences between observed
and predicted values in a statistical model, illustrating the unexplained variations between
individuals **. To illustrate, Van Harmelen et al. examined resilience by the degree to which
the child showed better psychosocial functioning than expected, given their experienced
family experiences22, Those with positive residuals had a better psychosocial functioning
than expected, given their experienced adversity. These scores were referred to as resilient
functioning, where higher scores indicated higher resilient functioning. Consequently,
Van Harmelen et al. were able to examine which factors predict resilient functioning 2.
Notably, in their studies, they also used the cumulative model, calculating the degree of
family experiences from multiple questionnaires, as the ‘adversity’. In conclusion, instead
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of examining mental health outcomes over time, the residual approach focuses on how
individuals adapt to mental health challenges based on the severity of the stressor. This
approach might also be used when studying resilience in pediatric healthcare, when no
longitudinal data is available.

4. Improving outcome measures

When working with real-world data, the harmonization of outcomes regarding mental
health would be beneficial. In collaboration with key stakeholders, including the Dutch
Ministry of Health, Welfare, and Sport, healthcare associations, patient advocacy groups,
and professional medical organizations, the Outcomes-Oriented Care program in the
Netherlands released a new report earlier this year on a standardized set of patient-
reported outcomes (PROs) and relevant measures (PROMs) 3. This report presents a limited
core set of comprehensible generic PROMs for youth per age category, applicable across
all disease groups, with the goal of facilitating data integration, result comparisons, and
reducing redundancy in the questions presented to youth across various measurements '*.

Although generic PROMs hold the promise of making meaningful transdiagnostic
comparisons across different groups, certain disease-specific PROMs might be more
relevant for specific disease groups. As chronic diseases exhibit variations in terms of
predictability, treatment regimens, side effects, life expectancy, disability, and their
impact on daily functioning, it is conceivable that adversities, outcomes, and resilience
factors differ in the context of distinct disease-related challenges. This recognition extends
to the pediatric healthcare field, where specific PROMs tailored to particular disease
groups within specialized medical domains are also being developed *?4. For instance, Van
Kalsbeek et al. recommend both a set of generic PROs and a disease-specific set for various
types of pediatric oncology ?4. They acknowledge that, for youths having (surgery for)
craniopharyngiomas, disease-related challenges such as visual impairment, strokes, and
temperature dysregulation might be relevant, while for those with Ewing sarcomas (a bone
tumor) reduced joint mobility and disfigurements could be significant challenges 4. When
such generic but also relevant disease-specific PROMs are standardly being implemented
in healthcare, they will empower future researchers studying resilience to concentrate
on understanding the underlying mechanisms responsible for positive adaptation in the
context of specific disease-related challenges and how these mechanisms interact with
each other.

D. ADDING VARNISH, A PERSONAL NOTE

Also promoted in Chapter 10, I consider the message ‘resilience is not a personal trait’
essential ». Viewing resilience as a personal trait may lead to individuals facing adversity
being held responsible for their inability to adapt. In my opinion, it is key to understand
that one cannot truly take credit for their own successes, nor truly blame others for
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their failures. Over the past two decades, mental wellbeing of adolescents, particularly
adolescent girls, has significantly deteriorated in the Netherlands . This decline is partly
due to the contemporary challenges faced by many adolescents, such as increasing pressure
on academic achievements 2°. As long as we continue to hold young people accountable for
their own successes and failures, this pressure is likely to intensify.

Many believe that a tree with robust roots cannot topple, but the quality of the soil in
which these roots are embedded, as well as the interconnection with the roots of other
trees, might be equally, if not more, important 519122125,

E. Conclusion

The prevalence of chronic health conditions among youth is increasing. Youth with chronic
health conditions face many disease-related challenges. Additionally, they experience
more mental health issues compared to healthy peers. Adolescents, in particular, might
be more susceptible to negative effects of these challenges. Resilience research offers
valuable insights into preventing mental health deterioration in youths with chronic
health conditions and identifying potential targets for treatment and interventions to
enhance mental health. Initiated by the increasing prevalence of chronic health conditions,
there has been a paradigm shift from disease-centered to health-centered care. Paralleling
this shift, there has been an increasing focus in pediatric healthcare and research on the
resilience of youth with chronic health conditions. Instead of painting a consistent pattern
of resilience, researchers studying resilience have portrayed resilience in various colors.

This paradigm shift and a complex concept like resilience do not require oversimplification,
but rather demand clarification. The studies presented in this thesis reflect studying these
various colors of resilience in the face of disease-related challenges. This thesis provides
insight into the state-of-the-art literature regarding definitions and measurements of
resilience in pediatric healthcare research and into changes in adolescent mental wellbeing
in the face of disease-related challenges. Lastly, this thesis discusses recommendations
to integrate resilience research into pediatric healthcare research.
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APPENDICES

SUMMARY

The prevalence of chronic health conditions among youth is increasing. Nowadays, one in
four individuals under the age of twenty-five is living with one or more chronic conditions.
Youth living with a chronic condition often experience physical and psychosocial
challenges, due to symptom distress, demanding therapeutic regimens, periods of
hospitalization, uncertainty about the future, social exclusion, and/or the inability to
fully participate in school or society. Moreover, youth with a chronic condition are more
likely to experience depressive symptoms and behavioral problems, compared to their
healthy peers. Adolescents, in particular, might be more susceptible to negative effects
of these challenges. There are, however, large inter-individual differences and not all
youth with similar chronic conditions experience (similar) difficulties: many children and
adolescents manage to positively adapt to disease-related challenges. These children and
adolescents are often described as being resilient. Resilience research has the potential to
offer valuable insights into preventing mental health deterioration in youth with a chronic
condition and identifying potential targets for treatment and interventions to enhance
mental health.

Initiated by the increasing prevalence of chronic conditions, there has been a paradigm
shift from disease-centered to health-centered care.Paralleling this shift, there has been
an increasing focus on resilience of youth with chronic conditions in pediatric healthcare
and research. Instead of painting a consistent picture of resilience, researchers studying
resilience have portrayed resilience differently over the last decades. These different
conceptualizations of resilience have led to a variety in definitions, study designs,
and measures of resilience, making it challenging to compare the results of resilience
research. Also, within the medical field, these different colors of resilience have impeded
comprehensive analyses and implore us to delve deeper into the intricate concept of
resilience.

This thesis aimed to better understand the various colors of resilience in adolescents facing
disease-related challenges. It is divided into two parts. The first part of this thesis focused
on resilience in the face of the increasing prevalence of chronic conditions in youth, the
second part explored resilience in the face of the COVID-19 pandemic.

In this thesis, data from four prospective cohort studies were used: the WHISTLER study,
PROactive study, RISE study, and PIAMA study. In short, the WHISTLER study is an ongoing
population-based birth cohort study established in 2002, in which participants have been
followed at ages 0, 3, 5, 8, and 12-16 years old, in which respiratory, cardiovascular, and
mental health is monitored. The PROactive cohort study is an ongoing longitudinal study
that commenced in 2016 focusing on fatigue, daily life participation, and psychosocial
wellbeing of children and adolescents with chronic conditions. The RISE study is an



SUMMARY

observational, longitudinal cohort study, newly established in 2021, that tracks the mental
wellbeing of people with cystic fibrosis before and after the use of elexacaftor/tezacaftor/
ivacaftor, a promising new drug. Lastly, the PIAMA study is a birth cohort that recruited
pregnant women in 1996/1997 and has been following their children since, aiming to assess
the incidence of asthma and mite allergy.

Part 1- Resilience in the face of increasing prevalence of chronic conditions in youth

Chapter 2 presented a scoping review regarding the used definitions and measures
regarding resilience in the pediatric field. Over the 55 included articles, multiple definitions
and measures of resilience in youth with a chronic condition were used. Resilience was
often conceptualized as a dynamic concept that signals a positive adaptive response to
stress or adversity but is, for instance, also conceptualized as a personality trait. Moreover,
different assessments of resilience were used in the included articles. To interpret these
different assessments, we made the distinction between assessments that measured
resilience as an outcome and assessments that measured resilience as a resilience
factor. When resilience was measured as an outcome, resilience was considered as the
outcome of positive adaptation to an adversity. When resilience was assessed as a factor,
resilience was considered as a factor facilitating positive adaptation to a stressor. Most
studies assessed resilience both by measuring an outcome of positive adaptation and by
measuring (a) resilience factor(s), and statistically tested whether certain resilience factors
were significantly associated with the resilience outcome. As different types of resilience
outcomes were assessed, we categorized the outcomes into three groups: personal traits,
psychosocial functioning, and disease-related outcomes. Additionally, myriad resilience
factors were identified, which we grouped into internal resilience factors (cognitive,
social, and emotional competence factors), disease-related factors (such as disease-
related distress or disease-related coping), and external factors (caregiver factors, social
factors, and contextual factors). This review showed that, at this point, no unified approach
is used to define and measure resilience in pediatric healthcare research. This finding
indicated that one cannot simply compare “resilience” in one paper with “resilience” in
other papers. We therefore provided some recommendations to enhance resilience research
in pediatric healthcare research. An operational and standardized definition of resilience
empowers researchers to establish a common foundation regarding the concept. Such
common foundation might enable the use of suited study designs and measurement tools,
facilitating easier summarization and comparison of results. Additionally, more knowledge
isneeded on which resilience factors are related to positive adaptation in specific disease-
related challenges, the underlying mechanisms responsible for this positive adaptation,
and how these underlying mechanisms interact with one another. These results might
shed light on novel opportunities for interventions and identify gaps in current knowledge.

Chapter 3 described the study protocol of the Resilience Impacted by Positive Stressful
Events (RISE) study. The primary objective of the RISE study was to investigate if and how



(various indicators of) mental wellbeing of people with cystic fibrosis (CF) changes after
starting elexacaftor/ tezacaftor/ ivacaftor (ETI) therapy. By tracking mental wellbeing
before and after the use of ETI therapy, the RISE study aims to identify individuals who
demonstrate resilience and those who are at a higher risk of experiencing a deterioration
in mental wellbeing after ETI therapy. We set up a single arm, observational, prospective
longitudinal cohort with a timeframe of 60 weeks including pre- and post-treatment
measurements.

Chapter 4 presented the key findings of the RISE study: people with CF reported a
significantly and clinically relevant improvement in psychosocial health following ETI
therapy. We evaluated whether specific subgroups were more susceptible to diminished
psychosocial health after starting ETI by conducting subgroup analyses. Subgroups were
based on age, sex, lung function, earlier use of a cystic fibrosis transmembrane conductance
regulator (CFTR) modulator, and use of psychotropic medication at baseline. We did not
identify subgroups that might be more vulnerable in terms of their psychosocial health.
People using psychotropic medication at baseline, however, reported structurally lower
psychosocial health scores than people who did not use psychotropic medication at baseline.
Future studies are needed to investigate the underlying biological, pharmacological, and
psychological mechanisms at the individual level to better understand why individuals
respond differently to ETI therapy in terms of their psychosocial health.

Chapter 5 focused on differences in mental wellbeing and perceived general health
between adolescents with asthma and adolescents without asthma. In 2019, asthma was
the most common chronic disease among Dutch youth aged 0-25 years. The severity of
asthma can vary greatly between individuals; for some people, asthma symptoms may
be mild, while for others, asthma symptoms can be severe, having a significant impact
on their daily life. Much of the current literature on the association between asthma and
mental wellbeing is cross-sectional in design, limiting the ability to draw inferences about
the effect of asthma on mental wellbeing over time. We therefore investigated whether
adolescents with asthma experience a lower mental wellbeing and lower general health
compared with their peers without asthma. We used data from de PIAMA study, collected
at four timepoints during adolescence: at the ages of 11, 14, 17 and 20 years. We did not find
significant differences in mental wellbeing between adolescents with asthma and their
peers without asthma. However, adolescents with asthma were less likely to perceive their
own health as good or excellent compared to adolescents without asthma. All examined
associations between asthma (severity) and mental wellbeing/ perceived general health
were similar for boys and girls and across different age groups. Our findings provide
insight into adolescents’ experiences with asthma and suggest that having asthma does
not prevent them from feeling mentally well during adolescence.
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Chapter 6 explored the impact of self-reporting as having a chronic condition on
psychosocial wellbeing, within a sample of adolescents diagnosed with a chronic condition
by a physician. Conditions included were auto-immune disease, cystic fibrosis, congenital
heart disease, nephrological condition, or a general pediatric condition. Our findings
revealed that only a minority of adolescents with a physician-diagnosed chronic condition
self-report as having a chronic disease. Self-reporters had significantly worse outcomes in
all psychosocial domains assessed; a pattern that seems to hold across some, but not all,
disease groups. In general, no clear moderating effects of gender, age, or socioeconomic
status on the relationship between reporting status and psychosocial wellbeing were
identified. This study underlines the importance of adopting a multidimensional
healthcare perspective emphasizing the transition from a biomedical disease-centered
approach toward a more individual-centered approach.

Part 2 - Resilience in the face of the COVID-19 pandemic

During the second year of my PhD, we unfortunately needed to pause the WHISTLER study
due to the COVID-19 pandemic. This pandemic, however, also raised opportunities to learn
more about mental wellbeing of adolescents in the face of the COVID-19 pandemic. Data
had already been collected on the mental wellbeing of 224 adolescents. We continued and
expanded the assessment of their mental wellbeing by sending online questionnaires
throughout the first year of the pandemic. These data resulted in Chapters 7 and 8. Through
close collaboration between the WHISTLER study and the PROactive study, we were able
to investigate whether adolescents, with or without a chronic condition, demonstrated
greater resilience during the pandemic. These collaboration efforts resulted in Chapter 9.

In Chapter 7, we investigated whether adolescent mental wellbeing changed after the
introduction of lockdown measures (May 2020) compared with pre-pandemic levels
baseline (up to 1 year before the COVID-19 pandemic); whether changes in mental wellbeing
differed between boys and girls; and whether changes were associated with adolescents’
concerns about the COVID-19 and lockdown measures. At 5—8 weeks after the introduction
of the lockdown measures in the Netherlands, life satisfaction decreased, but internalizing
symptoms (anxiety and depressive symptoms) did not change, compared to pre-pandemic
levels. Contrary to expectations, our study sample reported an improved psychosomatic
health at follow-up, when compared with pre-pandemic psychosomatic health. Boys scored
better on all three mental wellbeing indicators (higher life satisfaction, less internalizing
symptoms, and better psychosomatic health) compared with girls both before as well as
during the pandemic. However, boys’ life satisfaction significantly decreased over time,
whereas girls’ life satisfaction did not change. Adolescents’ concerns about the COVID-19
and the lockdown measures were significantly associated with lower life satisfaction and
more internalizing symptoms.
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Adolescents’ mental wellbeing and concerns were expected to continue to vary during the
COVID-19 pandemic. We therefore tracked mental wellbeing of adolescents during the first
year of the COVID-19 pandemic (Chapter 8). We assessed mental wellbeing both before the
pandemic and four times during lockdown periods with varying lockdown stringencies.
We identified an interesting picture of change on mental wellbeing throughout the first
year of the pandemic. Life satisfaction decreased during the first (May 2020) and second
full lockdowns (February 2021) as well as during the partial lockdown (October 2020),
compared to before the pandemic. Notably, life satisfaction decreased most at the second
full lockdown in February 2021. Moreover, boys’ life satisfaction decreased more than girls’
during the pandemic, compared to pre-pandemic levels. Adolescents only reported more
internalizing symptoms, reflecting anxiety and depression symptoms, during the second
full lockdown (February 2021), yet did not reach a (sub)clinical threshold for therapy.
Interestingly, throughout the first year of the COVID-19 pandemic, adolescents reported
significantly better perceived psychosomatic health, which might be partly attributable to
less trouble falling asleep. These findings indicated that the COVID-19 lockdown measures
may have had both a negative and positive impact on mental wellbeing of our study sample.

Chapter 9 evaluated mental wellbeing of adolescents with and without a chronic
condition during the COVID-19 pandemic. This study provided four key findings. First,
the pandemic had a negative impact on the life satisfaction of adolescents with a chronic
condition, but our data showed no clinically relevant changes in internalizing symptoms
or psychosomatic health of adolescents with a chronic condition during the pandemic
compared to before. Second, compared to healthy peers, adolescents with a chronic
condition experienced poorer life satisfaction and psychosomatic health during the
pandemic, but internalizing symptoms did not differ between groups. The difference in
life satisfaction seemed to be pre-existing. These results suggested that adolescents with
a chronic condition did not experience more distress than their healthy peers due to the
pandemic, but that the difference was there before, and persisted without increasing.
Third, compared to boys, girls reported worse mental wellbeing, and this difference was
apparent regardless of the pandemic or their disease state. Fourth, stricter governmental
restrictions were significantly associated with poorer life satisfaction, more internalizing
symptoms, and worse psychosomatic health in both adolescents with a chronic condition
and healthy peers, with the stringency index explaining up to nearly a third of variance
in psychosomatic symptoms. Based on these findings, it seemed that adolescents with a
chronic condition did not appear to be at a higher risk for mental health issues compared
to their healthy peers in the COVID-19 pandemic.

Chapter 10 presented a non-academic blog about resilience written in layman’s terms,
aiming to translate academic findings for society. The main message of this blog is that
resilience is not a personal superpower, but a process of adaptation to maintain or regain
mental wellbeing during or after a stressful event. Factors that support resilience exist
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both within the individual, but also in the environment in which the individual is situated.
Examples of personal factors include a genetic makeup or a body’s hormonal response to
stress. Factors from the (social) environment include, among others, support from parents
or friends. This implies that each of us can contribute to the resilience of those around us.

In the general discussion (Chapter 11) I have reflected upon the strengths and limitations
of the research in this thesis.

First, I provided four recommendations regarding researching resilience in pediatric
healthcare based on lessons from literature and Chapter 2. By describing what experts in
resilience research see as the primary colors of resilience research in general, I aimed to
provide fellow researchers with a basic palette, serving as a starting point for portraying
resilience. Recommendation I included the introduction of a standardized definition
of resilience. Recommendation II described that the adversity, and its severity should
be defined and quantified as clearly as possible. Recommendation III entailed that
an ideal study design for resilience research would be of a longitudinal nature. Lastly,
Recommendation IV, suggested that the concept of resilience could be elucidated by
distinguishing between resilience as an outcome and resilience as a factor.

Subsequently, I evaluated whether the researched study populations of the empirical
chapters (i.e. Chapter 4 through 9) demonstrated resilience using the proposed definition
of resilience (Recommendation 1). In short, people with CF demonstrated resilience as their
psychosocial health was maintained and even increased on group level after commencing
ETI (Chapter 4). Furthermore, asthmatic adolescents demonstrated resilience, as our
findings indicated that despite growing up with asthma, affected adolescents can still
experience a good mental wellbeing (Chapter 5). Unlike the previous chapters, Chapter
6 had a cross-sectional design which precludes drawing firm conclusions about resilient
functioning of the study group. We did, however, identified that only a minority of
adolescents with a physician diagnosed chronic condition self-report as having a chronic
disease and that these reporting adolescents had a lower psychosocial wellbeing. Not
self-reporting as having a chronic condition could therefore be a resilience factor, yet
future research might focus on underlying mechanisms regarding the association between
psychosocial wellbeing and reporting status. Regarding Chapters 7 and 8, we could not
simply categorize healthy adolescents aged 12-16 years as either resilient or non-resilient.
This was because not all measured mental wellbeing outcomes exhibited similar patterns
of change; life satisfaction decreased, internalizing symptoms remained stable, and
psychosomatic health showed improvement. Chapter 9 indicated that adolescents with a
chronic condition appeared to be equally resilient as their healthy peers during the COVID-
19 pandemic, as they did not, on average, exhibit a higher risk for mental health problems
during this time period.
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To articulate novel research challenges for resilience research concerning adolescents
facing disease-related challenges, I used Recommendation II, III, and IV.

Finally, I explored strategies how to integrate resilience research into pediatric healthcare.
Istarted by discussing opportunities to capture the complexity of resilience, suggesting not
to focus merely on resilience factors but mainly on the underlying mechanisms of positive
adaptation to adversity. Concerning chronic conditions in youth, it is essential to explore
whether there are variations in the underlying mechanisms among different diseases
and between different age groups. Secondly, I discussed conceptual and methodological
challenges, and opportunities regarding resilience research in pediatric healthcare. I
addressed the advantages and disadvantages of cohort studies. Additionally, I explored the
potential benefits of using real-world data. Subsequently, I discussed advanced statistical
methods and different models for resilience research — both for longitudinal as well as
cross-sectional data. Lastly, I focused on how we could improve outcome measures for
resilience research in pediatric healthcare.

In this thesis I have explored various colors of resilience, by drawing insights from
literature, by identifying new research avenues for disease-related challenges, and by
examining strategies to integrate resilience research into pediatric healthcare. Through
these efforts, I have endeavored to paint a more complete picture of resilience in the face
of disease-related challenges.
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In de afgelopen decennia is de prevalentie van chronische aandoeningen bij jongeren
aanzienlijk toegenomen. Tegenwoordig heeft één op de vier personen onder de
vijfentwintig jaar te maken met één of meer chronische aandoeningen. Jongeren met een
chronische aandoening ervaren vaak fysieke en psychosociale uitdagingen, veroorzaakt
door symptomen van hun aandoening, veeleisende behandelingen, ziekenhuisopnames,
onzekerheid over de toekomst, en/of het onvermogen om volledig deel te nemen aan school
of de samenleving. Bovendien vertonen jongeren met een chronische aandoening vaker
depressieve klachten en gedragsproblemen vergeleken met hun gezonde leeftijdsgenoten.
Adolescenten in het bijzonder kunnen gevoeliger zijn voor de negatieve effecten van
deze ziekte-gerelateerde uitdagingen. Er zijn echter grote individuele verschillen, en
niet alle jongeren met vergelijkbare chronische aandoeningen ervaren (vergelijkbare)
moeilijkheden: veel kinderen en adolescenten slagen erin om zich aan te passen aan
hun ziekte-gerelateerde uitdagingen. Zij worden vaak beschreven als veerkrachtig.
Veerkrachtonderzoek kan waardevolle inzichten opleveren, bijvoorbeeld over het
voorkomen van achteruitgang in mentaal welzijn van jongeren met een chronische
aandoening, en tevens over potentiéle behandeling doelen en interventies om dit welzijn
te verbeteren.

De groeiende prevalentie van chronische aandoeningen leidt tot een paradigmashift
binnen de gezondheidszorg: van een focus op ziekte naar een focus op gezondheid. Als
gevolg van deze shift, wordt er meer tijd en aandacht besteed aan veerkracht van jongeren
met een chronische aandoening, zowel in de gezondheidszorg als binnen onderzoek. Maar
wat is veerkracht precies? In de afgelopen decennia hebben onderzoekers die veerkracht
hebben bestudeerd, veerkracht op verschillende manieren geportretteerd. Dit heeft
geresulteerd in diverse definities, onderzoeksopzetten en meetmethoden voor veerkracht,
waardoor het moeilijk is om resultaten van veerkrachtonderzoek samen te vatten of te
vergelijken.

Dit proefschrift had als doel de verschillende kleuren van veerkracht van adolescenten die
te maken hebben met ziekte-gerelateerde uitdagingen beter te begrijpen. Dit proefschrift
is verdeeld in twee delen. Het eerste deel van dit proefschrift richtte zich op veerkracht
in het licht van de toenemende prevalentie van chronische aandoeningen bij jongeren.
Het tweede deel van dit proefschrift ging over veerkracht in het licht van de COVID-19
pandemie.

In dit proefschrift werd data gebruikt van vier prospectieve cohortstudies: de WHISTLER-
studie, de PROactive-studie, de RISE-studie en de PIAMA-studie. Kort gezegd is de
WHISTLER-studie een doorlopend geboortecohort onderzoek dat in 2002 is gestart met
deelnemers uit de algemene bevolking. Deelnemers worden gevolgd vanaf de geboorte
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en op verschillende leeftijden gedurende hun jeugd gemonitord op hun ademhalings-,
cardiovasculaire en mentale gezondheid. De PROactive-cohortstudie is een doorlopend
longitudinaal onderzoek dat in 2016 is gestart en zich richt op vermoeidheid, participatie in
het dagelijks leven en psychosociaal welzijn van kinderen en adolescenten met chronische
aandoeningen. De RISE-studie is een observationele cohortstudie, opgericht in 2021. De
RISE-studie volgt (indicatoren van) mentaal welzijn van mensen met cystische fibrose voér
enna het gebruik van een veelbelovend nieuw medicijn, genaamd elexacaftor/tezacaftor/
ivacaftor. Ten slotte is de PIAMA-studie een geboortecohort dat zwangere vrouwen heeft
gerekruteerd in 1996/1997 uit de algemene bevolking en hun kinderen sindsdien volgt,
met als doel de incidentie van astma en mijtallergie te bepalen.

Deel 1 - Veerkracht in het licht van de toenemende prevalentie van chronische
aandoeningen bij jongeren

Hoofdstuk 2 presenteerde een scoping review van definities en meetmethoden van
veerkracht die gebruikt worden in wetenschappelijk onderzoek binnen kindergeneeskundig
onderzoek. Dezereview liet zien dat onderzoekers verschillende definities en meetmethoden
voor veerkracht hebben gebruikt wanneer veerkracht wordt onderzocht bij jongeren met
een chronische aandoening. Veerkracht werd vaak gedefinieerd als een dynamisch concept
van positieve adaptatie aan stress, maar bijvoorbeeld ook als persoonlijkheidskenmerk. Om
verschillende meetmethoden van veerkracht te interpreteren, maakten we onderscheid
tussen methoden die veerkracht beoordeelden als een uitkomst of als een veerkrachtfactor.
Alsveerkracht als uitkomst werd gemeten, beschouwde men veerkracht als het resultaat
van een positieve aanpassing aan een stressor. Als veerkracht als een veerkrachtfactor
werd gemeten, werden factoren in beschouwing genomen die het aanpassingsproces aan
de stressor faciliteerden. De meeste studies hebben veerkracht gemeten als uitkomst en als
factor. Deze studies testten vervolgens op statistische wijze of bepaalde veerkrachtfactoren
significant geassocieerd waren met veerkracht als uitkomst. Omdat verschillen tussen
de diverse veerkracht uitkomsten werden waargenomen, categoriseerden we veerkracht
uitkomsten in drie groepen: persoonseigenschappen, psychosociaal functioneren, en
ziekte-gerelateerde uitkomsten. Ook werden talloze veerkrachtfactoren geidentificeerd.
Deze factoren hebben we gegroepeerd in interne veerkrachtfactoren (cognitieve, sociale en
emotionele competentie factoren), ziekte-gerelateerde factoren (zoals ziekte-gerelateerde
stress of ziekte-gerelateerde coping mechanismen), en externe factoren (factoren van
de ouder/verzorger, sociale factoren en context factoren). Deze review toonde aan dat
op dit moment geen uniforme aanpak wordt gebruikt om veerkracht te definiéren en te
meten binnen de kindergeneeskunde. Hierdoor kan men “veerkracht” in het ene artikel
niet zomaar vergelijken met “veerkracht” in een ander artikel. Daarom hebben we de
volgende aanbevelingen gedaan om veerkrachtonderzoek in het kindergeneeskundige
onderzoeksveld te verbeteren. We stelden voor een gestandaardiseerde definitie van
veerkracht te introduceren. Dit stelt onderzoekers in staat om een gemeenschappelijke
basis te leggen met betrekking tot het concept veerkracht. Een dergelijke basis kan het
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gebruik van geschikte onderzoeksopzetten en meetinstrumenten faciliteren, waardoor het
gemakkelijker wordt om resultaten samen te vatten en te vergelijken. Bovendien is er meer
kennis nodig over welke veerkrachtfactoren gerelateerd zijn aan positieve aanpassing
bij specifieke ziekte-gerelateerde uitdagingen, welke onderliggende mechanismen
verantwoordelijk zijn voor deze positieve aanpassing, en hoe deze onderliggende
mechanismen met elkaar samenhangen. Deze resultaten kunnen nieuwe mogelijkheden
voor interventies aan het licht brengen en hiaten in de huidige kennis identificeren.

Hoofdstuk 3 beschreef het onderzoeksprotocol van de RISE-studie (Resilience Impacted by
Positive Stressful Events). Het primaire doel van de RISE-studie was om te onderzoeken of en
hoe (verschillende indicatoren van) het mentaal welzijn van mensen met cystische fibrose
(CF) verandert na het starten van elexacaftor/tezacaftor/ivacaftor (ETI)- therapie. Door
mentaal welzijn zowel v6or als na het gebruik van ETI te meten, beoogt de RISE-studie
individuen te identificeren die veerkrachtig functioneren, maar ook diegenen te vinden die
een hoger risico lopen op verslechtering van hun mentaal welzijn na ETI-therapie. Om dit
te onderzoeken, hebben we een observationele, prospectieve, longitudinale cohortstudie
opgezet met een totale duur van 60 weken.

Hoofdstuk 4 presenteerde de antwoorden op de primaire onderzoeksvraag van de RISE-
studie: mensen met CF rapporteerden een significante en klinisch relevante verbetering
van hun psychosociale gezondheid na ETI-therapie. Met subgroep analyses hebben we
geprobeerd te voorspellen of specifieke groepen - gebaseerd op leeftijd, geslacht, longfunctie,
eerdere gebruik van een cystische fibrose transmembraan conductantieregulator (CFTR)
modulator, of (eerder) gebruik van psychotrope medicatie - een afname in psychosociale
gezondheid zouden ervaren na het gebruik van ETI. We hebben geen subgroepen
geidentificeerd die mogelijk gevoeliger waren wat betreft hun psychosociale gezondheid.
Mensen die al psychotrope medicatie gebruikten, rapporteerden echter structureel een
lagere psychosociale gezondheid vergeleken met degenen die geen psychotrope medicatie
gebruikten. Om beter te begrijpen waarom individuen verschillend reageren op ETI wat
betreft hun psychosociale gezondheid, zouden toekomstige studies kunnen focussen op
onderliggende biologische, farmacologische en psychologische mechanismen.

Hoofdstuk 5 richtte zich op verschillen in mentaal welzijn en algemene ervaren
gezondheid tussen adolescenten met astma en adolescenten zonder astma. In 2019 was
astma de meest voorkomende chronische ziekte onder Nederlandse jongeren van 0-25
jaar. De ernst van astma kan sterk variéren tussen individuen; voor sommige mensen
kunnen astmasymptomen bijvoorbeeld mild zijn, terwijl voor anderen astmasymptomen
ernstig van aard zijn en een aanzienlijke invloed hebben op het dagelijks leven. Een groot
deel van de huidige literatuur dat de associatie tussen astma en mentaal welzijn heeft
bestudeerd, is gebaseerd op cross-sectionele studies. Het is bij deze onderzoeksopzet
niet mogelijk om conclusies te trekken over het effect van astma op het mentaal welzijn
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over een langere periode, zoals tijdens de adolescentie. Daarom onderzochten wij, op
een longitudinale manier, of adolescenten met astma een lager mentaal welzijn hadden
en een lager algemene gezondheid ervaarden in vergelijking met hun leeftijdsgenoten
zonder astma. We gebruikten gegevens uit de PIAMA-studie. De analyses zijn gebaseerd
op vier momenten tijdens de adolescentie: op de leeftijden van 11, 14, 17 en 20 jaar. We
vonden geen significante verschillen in mentaal welzijn tussen adolescenten met astma
en zonder astma. Adolescenten met astma waren echter minder geneigd om hun eigen
gezondheid als goed of uitstekend te beschouwen in vergelijking met adolescenten zonder
astma. Alle onderzochte verbanden tussen astma (ernst) en mentaal welzijn/ algemene
gezondheid waren vergelijkbaar voor jongens en meisjes en op verschillende leeftijden.
Onze bevindingen lieten zien dat het hebben van astma adolescenten niet belemmert om
zich mentaal goed te voelen.

Hoofdstuk 6 bekeek de impact van zelfrapportage van het hebben van een chronische
aandoening op psychosociaal welzijn in adolescenten gediagnosticeerd met een chronische
aandoening door een arts. Adolescenten hadden een auto-immuunziekte, cystische fibrose,
aangeboren hartafwijking, nefrologische aandoening of een algemene pediatrische
aandoening. Onze bevindingen onthulden dat slechts een minderheid van adolescenten
met een door een arts gediagnosticeerde chronische aandoening rapporteerde een
chronische aandoening te hebben. Zij die dit rapporteerden, hadden significant slechtere
uitkomsten op alle psychosociale domeinen die werden onderzocht. Dit patroon leek zich
te herhalen voor sommige, maar niet alle, specifieke ziektegroepen. Over het algemeen
werden geen duidelijke modererende effecten van geslacht, leeftijd of sociaaleconomische
status op de relatie tussen rapportagestatus en psychosociaal welzijn geidentificeerd.
Deze studie benadrukte het belang van het omarmen van een multidimensionaal
gezondheidsperspectief. In dit gezondheidsperspectief wordt zowel de ziekte als de
psychosociale impact geévalueerd, waarbij de subjectieve ervaring van het hebben van
een chronische ziekte wordt meegenomen.

Deel 2 - Veerkracht in het licht van de COVID-19-pandemie

Door de COVID-19 pandemie moesten we tijdelijk de inclusie van de WHISTLER-studie
stoppen, waardoor we geen nieuwe data konden verzamelen. Er ontstond echter ook een
kans om meer te leren over het mentaal welzijn van adolescenten tijdens deze periode.
Voordat de pandemie begon, hadden we van 224 adolescenten medische gegevens en
informatie over hun mentaal welzijn verzameld. We hebben ten tijde van de eerste lockdown
besloten om deze adolescenten via online vragenlijsten te gaan volgen. De resultaten
van dit onderzoek zijn beschreven in Hoofdstuk 7 en 8. Dankzij samenwerking tussen
de WHISTLER-studie en de PROactive-studie konden we onderzoeken of adolescenten
met of juist zonder een chronische aandoening tijdens de pandemie meer veerkrachtig
functioneerde. Deze samenwerking resulteerde in Hoofdstuk 9.
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In Hoofdstuk 7 onderzochten we of het mentaal welzijn van adolescenten veranderde
na de invoering van lockdownmaatregelen (mei 2020) vergeleken met het mentaal
welzijn gemeten voor de pandemie (tot 1 jaar voor de COVID-19-pandemie); of deze
veranderingen verschilden tussen jongens en meisjes; en of veranderingen verband
hielden met de zorgen van adolescenten over COVID-19 en de lockdownmaatregelen. Ten
opzichte van voor de pandemie nam de levenstevredenheid van adolescenten af, maar
hun angst- en depressie klachten veranderden niet. In tegenstelling tot onze verwachting
rapporteerde onze onderzoeksgroep een verbeterde psychosomatische gezondheid tijdens
de pandemie, vergeleken met daarvoor. Jongens scoorden beter op alle drie de indicatoren
mentaal welzijn (hogere levenstevredenheid, minder angst- en depressieklachten, en
betere psychosomatische gezondheid) vergeleken met meisjes zowel voor als tijdens de
pandemie. Echter, de levenstevredenheid van jongens nam significant af in de loop van
de tijd, terwijl de levenstevredenheid van meisjes niet veranderde. Zorgen over COVID-19
en de lockdownmaatregelen waren geassocieerd met lagere levenstevredenheid en meer
angst- en depressie klachten.

Experts verwachtten dat het mentaal welzijn van adolescenten verder kon afnemen
tijdens de COVID-19 pandemie. Mede daarom hebben we het mentaal welzijn onze
studiepopulatie gevolgd gedurende het eerste jaar van de COVID-19-pandemie (Hoofdstuk
8). We hebben hun mentaal welzijn één keer voor de pandemie en vier keer tijdens
lockdownperioden gemeten. Tijdens deze lockdownperioden waren er verschillende
lockdownmaatregelen van kracht, wisselend in ernst. We zagen een interessant patroon
van veranderingen in het mentaal welzijn. De levenstevredenheid nam af tijdens de
eerste (mei 2020) en tijdens de tweede volledige lockdown (februari 2021), evenals
tijdens de gedeeltelijke lockdown (oktober 2020), vergeleken met voér de pandemie.
De levenstevredenheid was het laagst tijdens de tweede volledige lockdown in februari
2021. Bovendien nam de levenstevredenheid van jongens meer af dan die van meisjes
tijdens de pandemie. Adolescenten meldden meer angst- en depressie klachten tijdens
de tweede volledige lockdown (februari 2021). De ernst van deze klachten was echter
laag. Interessant genoeg rapporteerden adolescenten gedurende het eerste jaar van de
COVID-19 pandemie significant betere ervaren psychosomatische gezondheid. Dit kon
mogelijk verklaard worden doordat jongeren minder moeite hadden om in slaap te vallen.
De resultaten van Hoofdstuk 8 suggereerden dat de lockdownmaatregelen tijdens de
COVID-19-pandemie zowel negatieve als positieve effecten kunnen hebben gehad op het
mentaal welzijn van onze onderzoeksgroep.

Hoofdstuk 9 evalueerde het mentaal welzijn tijdens de COVID-19-pandemie van
adolescenten met en zonder een chronische aandoening. Deze studie resulteerde in vier
bevindingen. Ten eerste had de pandemie een negatieve invloed op de levenstevredenheid
van adolescenten met een chronische aandoening, maar er werden geen klinisch relevante
veranderingen in angst- en depressie klachten of psychosomatische gezondheid
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geldentificeerd tijdens de pandemie vergeleken met daarvoor. Ten tweede, in vergelijking
met gezonde leeftijdsgenoten, ervoeren adolescenten met een chronische aandoening een
lagere levenstevredenheid en lagere psychosomatische gezondheid tijdens de pandemie
dan hun gezonde leeftijdsgenoten. Het verschil in levenstevredenheid leek al te bestaan
voor de pandemie, wat suggereert dat adolescenten met een chronische aandoening niet
meer stress ervoeren dan gezonde leeftijdsgenoten vanwege de pandemie, maar dat het
verschil al aanwezig was en niet toenam. Angst- en depressieklachten verschilden niet
tussen adolescenten met en zonder chronische aandoening. Daarnaast meldden meisjes
een lager mentaal welzijn dan jongens, ongeacht de pandemie of hun ziektestatus.
Verder waren strengere overheidsbeperkingen significant geassocieerd met een lagere
levenstevredenheid, meer angst- en depressieklachten, en een slechtere psychosomatische
gezondheid, zowel bij adolescenten met als zonder een chronische aandoening.
Hierbij verklaarde de striktheid van de lockdown bijna een derde van de variantie in
psychosomatische symptomen. Op basis van de bevindingen van dit hoofdstuk lijkt het
erop dat adolescenten met een chronische aandoening tijdens de COVID-19-pandemie niet
meer risico liepen op mentale problemen vergeleken met hun gezonde leeftijdsgenoten.

Hoofdstuk 10 presenteerde een niet-academische blog, geschreven in begrijpelijke taal,
met als doel academische bevindingen over veerkracht te vertalen voor de samenleving. De
belangrijkste boodschap van deze blog was dat veerkracht geen persoonlijke superkracht
is, maar een proces van aanpassing tijdens of na een stressvolle gebeurtenis om mentaal
welzijn te behouden of terug te krijgen. Factoren die veerkracht ondersteunen zijn zowel
binnen het individu als in de omgeving waarin het individu zich bevindt aanwezig.
Voorbeelden van persoonlijke factoren zijn genetische aanleg of het hormonale
stressrespons van het lichaam. Factoren uit de (sociale) omgeving zijn onder meer steun
van ouders of vrienden. Dit impliceert dat elk van ons kan bijdragen aan de veerkracht
van de mensen om ons heen.

In de algemene discussie (Hoofdstuk 11) heb ik gereflecteerd op de sterke punten en
beperkingen van het onderzoek in dit proefschrift. Allereerst heb ik vier aanbevelingen
opgeschreven over veerkrachtonderzoek in de kindergeneeskunde, gebaseerd op lessen uit
de literatuur en Hoofdstuk 2. Door te beschrijven wat experts in veerkrachtonderzoek zien
als de primaire kleuren van veerkrachtonderzoek, heb ik geprobeerd medeonderzoekers
een basispalet te bieden, dat dient als startpunt voor het portretteren van veerkracht.
Aanbeveling I ging over het introduceren een gestandaardiseerde definitie van veerkracht.
Aanbeveling II benadrukte het belang van een duidelijke definitie en beoordeling van de
(ernst van de) stressor. Aanbeveling III beschreef dat het ideale onderzoeksdesign voor
veerkrachtonderzoek longitudinaal van aard is. Ten slotte suggereerde Aanbeveling IV dat
het concept van veerkracht verduidelijkt zou kunnen worden door onderscheid te maken
tussen veerkracht als uitkomst en veerkracht als factor.
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Vervolgens heb ik geévalueerd met behulp van de voorgestelde definitie van veerkracht
(Aanbeveling I) of de onderzochte onderzoekspopulaties van Hoofdstuk 4 tot 9 veerkracht
hebben getoond. Mensen met CF, uit Hoofdstuk 4, toonden veerkracht, aangezien hun
psychosociale gezondheid behouden bleef en zelfs toenam na het start van ETL De astmatische
adolescenten uit Hoofdstuk 5 toonden veerkracht, omdat astmatische adolescenten hetzelfde
mentaal welzijn ervoeren als hun leeftijdsgenoten zonder astma. In tegenstelling tot de
eerdere hoofdstukken had Hoofdstuk 6 een cross-sectioneel onderzoeksdesign waardoor
we niets over het veerkrachtig functioneren van de onderzoeksgroep konden zeggen. Het
niet rapporteren van een chronische aandoening kan echter een veerkracht factor zijn,
omdat dit geassocieerd is met een hogere psychosociale gezondheid. We kunnen de gezonde
adolescenten van 12-16 jaar uit Hoofdstuk 7 en 8 niet eenvoudig categoriseren als veerkrachtig
of niet-veerkrachtig. Dit komt omdat niet alle gemeten indicatoren van mentaal welzijn
vergelijkbare patronen van veranderingen vertoonden; de levenstevredenheid nam af, angst-
en depressieklachten bleven stabiel, en psychosomatische gezondheid verbeterde. Hoofdstuk
9 gaf aan dat adolescenten met een chronische aandoening tijdens de COVID-19-pandemie
even veerkrachtig leken te zijn als hun gezonde leeftijdsgenoten, aangezien ze niet, gemiddeld
genomen, een hoger risico op psychische problemen vertoonden tijdens deze periode.

Om nieuwe onderzoeksvraagstukken voor veerkrachtonderzoek bij adolescenten die
geconfronteerd worden met ziekte-gerelateerde uitdagingen te identificeren, heb ik
gebruik gemaakt van Aanbeveling II, III en IV.

Ten slotte heb ik strategieén onderzocht om veerkrachtonderzoek te integreren in de
kindergeneeskunde. Ik besprak mogelijkheden om de complexiteit van veerkracht te
grijpen, waarbij ik voorstelde niet alleen te focussen op veerkrachtfactoren maar vooral op
de onderliggende mechanismen van positieve aanpassing aan stress. Met betrekking tot
chronische aandoeningen in jongeren is het essentieel om te onderzoeken of er variaties
zijn in de onderliggende mechanismen tussen verschillende ziekten en tussen verschillende
leeftijdsgroepen. Ten tweede besprak ik conceptuele en methodologische uitdagingen,
en kansen met betrekking tot veerkrachtonderzoek in kindergeneeskunde. Ik sprak over
de voor- en nadelen van cohortstudies. Daarnaast heb ik de mogelijke voordelen van het
gebruik van “real-world data” verkend. Vervolgens exploreerde ik de implicaties van
geavanceerde statistische methoden en verschillende modellen voor veerkrachtonderzoek
- zowel voor longitudinale als voor cross-sectionele data. Ten slotte richtte ik me op hoe we
uitkomstmaten kunnen verbeteren binnen veerkrachtonderzoek in de kindergeneeskunde.

In dit proefschrift heb ik verschillende kleuren van veerkracht onderzocht, door inzichten
uit de literatuur te halen, door nieuwe onderzoeksmogelijkheden te identificeren
voor ziekte-gerelateerde uitdagingen, en door strategieén te onderzoeken om
veerkrachtonderzoek te integreren in de kindergeneeskunde. Zo heb ik gepoogd veerkracht
beter te portretteren in het licht van ziekte-gerelateerde uitdagingen.

all
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LIST OF ABBREVIATIONS

ACT Asthma Control Test

Adj Adjusted

AFQ-Y Avoidance and Fusion Questionnaire for Youth

ANOVA Analysis of variance

ARC Adolescent Resilience Questionnaire

ART Antiretroviral treatment

ASRI Adolescent Self-Regulatory Inventory

ATQ Automatic Thoughts Questionnaire

BASC Behavior Assessment System for Children

BASC-2 SRP Behavior Assessment System for Children 2nd edition Self-Report of
Personality

BBSC Benefit Finding/Burden Scale for Children

BFSC Benefit Finding Scale for Children

B-IPQ Brief Illness Perception Questionnaire

BMI Body mass index

BMLSS Brief Multidimensional Life Satisfaction Scale

BMT Bone marrow transplantation

Brief COPE Coping orientation to problems experienced

BRS Brief Resilience Scale

BSCI-Y Chinese Beck Self-Concept Inventory

CASPE COVID-19 Adolescent Symptom & Psychological Experience

CASQ-R Children’s Attributional Style Questionnaire-Revised

CATIS Child Attitude Toward Illness Scale

CBCL Child Behavior Checklist

CD-RISC (-10/-25) Conner-Davidson Resiliency Questionnaire

CDRS Contour Drawing Rating Scale

CEQ Coping Efficacy Questionnaire

CESDS Center for Epidemiologic Studies Depression Scale
CF Cystic fibrosis

CFF Cystic Fibrosis Foundation

CFLD Cystic Fibrosis related Liver Disease

CFQ-R Cystic Fibrosis Questionnaire Revised

CFRD Cystic Fibrosis Related Diabetes

CFTR Cystic fibrosis transmembrane conductance regulator
CHD Congenital heart disease

CHS Children’s Hope Scale
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CICRS
CISS

CKD
COVID-19
CPAQ-A
CSES
csQ
CYRM-28
DEPS-R
DMD
DSMP
DSTAR-Teen
EAC

EFI

EMM

ETI
FACES IIT
FAMSS
FEVipp
FRAS-C
GAD-7
GEE

GHQ
GLM
GSE-10
HARIS
HbA1c
HBSC
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HIV
HMAC
HSCT
IBD

ICQ

ICU

11Q

IQR

LIST OF ABBREVIATIONS

Confidence Intervals

Chronic Illness Children’s Resilience Scale

Coping Inventory for Stressful Situations

Chronic kidney disease

Coronavirus disease 2019

Dutch Chronic Pain Acceptance Questionnaire — Adolescent Version
Child Self-Efficacy Scale

Coping Strategies Questionnaire for Sickle Cell Disease
Child and Youth Resilience Measures-28

Diabetes Eating Problem Survey-Revised

Duchenne muscular dystrophy

Diabetes Self-Management Profile

Diabetes strengths and resilience measure for adolescents
Emotional Approach & Coping Scale

Eco-cultural family interview

Estimated marginal means

Elexacaftor/ tezacaftor/ ivacaftor

Family Adaptability and Cohesion Scale

Family Asthma Management System Scale

Percentage predicted forced expiratory volume in 1 second
Family Resilience Assessment Scale

Generalized Anxiety Disorder-7

Generalized estimating equations

General Health Questionnaire

General linear model

General Self-efficacy Questionnaire

Haase Adolescent Resilience in Illness Scale

Hemoglobin A1c

Health Behaviour in School-aged Children

Health Behavior in School-aged Children Symptom Checklist
Human deficiency virus

Hemingway measure of adolescent connectedness
Hematopoietic stem cell transplant

Inflammatory bowel diseases

Ilness Cognition Questionnaire

Intensive Care Unit

Illness Identity Questionnaire

Interquartile range
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K6
KBIT-2
LKQCHD
LOT
MCID
MESH
METC
MHI-5
MS

NA
OxCGRT
PACE-Adolescent

PAID
PANAS-C
PCCS
PedsQL
PEx
PHQ-9
PIAMA
PPVT-III
PRISMA
PRO
PROM
PSI-SF
PSS
PTSDI

PWCF

QoL
RCADS
RCT

RISE
RMANOVA
RS

RSCA

RSQ
SARS-CoV-2
SCC

Kessler-6 Psychological Distress Scale

Kaufman Brief Intelligence Test: Second Edition
Leuven Knowledge Questionnaire for Congenital Heart Disease
Life Orientation Test

Minimal clinically important difference
Medical Subject Headings

Medical Research Involving Human Subjects Act
Mental Health Index-5

Multiple sclerosis

Not applicable

Oxford COVID-19 Government Response Tracker

Patient-based assessment and counseling for physical activity and nutrition-
adolescent

Problem Areas in Diabetes Scale

Positive and Negative Affect Scale for Children
Pediatric Cancer Coping Scale

Pediatric Quality of Life Inventory

Frequency of pulmonary exacerbations

Patient Health Questionnaire-9

Prevention and Incidence of Asthma and Mite Allergy
Peabody Picture Vocabulary Test — Third Edition
Preferred Reporting Items for Systematic Reviews and Meta analyses
Patient-reported outcome

Patient-reported outcome measure

Parenting Stress Index — Short Form

Perceived stress scale

University of California, Los Angeles Post-Traumatic Stress Disorder Reaction
Index for Diagnostic and Statistical Manual of Mental Disorders

People with cystic fibrosis

Quality of life

Revised Child Anxiety and Depression Scale
Randomized controlled trial

Resilience Impacted by positive Stressful Events
Repeated measures analysis of variance

The Wagnild and Young Resilience Scale
Resilience Scale for Children and Adolescents
Responses to Stress Questionnaire

Severe acute respiratory syndrome coronavirus 2

Sweat chloride concentration
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SCL

SCS

SD

sbQ

SE
SEARS
SED
SPSI-R:S
SRH

SSS
SSSS
STARx
T1D
TRAQ
UMCU
WHISTLER
WHO
WKZ
YSR

LIST OF ABBREVIATIONS

Sickle cell disease

Hopkins Symptom Checklist

School Connectedness Scale

Standard Deviation

Strengths and Difficulties Questionnaire
Standard error

Social-Emotional Assets and Resilience Scales
Self-efficacy for diabetes

Social Problem-Solving Inventory-Revised short form
Self-rated Health

School Support Scale

Scale of Satisfaction with Social Support

Self-Management and Transition to Adulthood with Rx = Treatment

Type 1diabetes

Transition Readiness Assessment Questionnaire
University medical center Utrecht
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Youth Self-Report
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DANKWOORD

In mijn proefschrift schetste en beschouwde ik verschillende kleuren van veerkracht in
het licht van ziekte-gerelateerde uitdagingen. Ik heb enorm genoten van mijn tijd als
promovenda, vooral dankzij de fantastische mensen die kleur gaven aan deze tijd. Hierbij
wil ik jullie bedanken.

Allereerst, wil ik graag de deelnemers van de WHISTLER, RISE, PROactive en PIAMA studie
bedanken. Zonder jullie tomeloze inzet had ik dit proefschrift nooit kunnen schrijven.

Grote dank gaat uit naar mijn promotieteam: Kors (van der Ent), Catrin (Finkenauer), Sanne
(Nijhof) en Virissa (Lenters). Kors, ik bewonder jouw kunst om met volle kracht vooruit te
gaan wanneer nieuwe kansen zich aandienen. Evenzeer waardeer ik jouw vermogen om
te vertragen en terug te keren naar de essentie wanneer dat nodig is. Je geeft vertrouwen
en laat los. Dank dat ik mijn PhD grotendeels zelf heb mogen vormgeven, en dat je van
een afstand meekeek of ik de juiste lijnen op papier zette. Bovendien maakte je van elk
congres een feestje en liet je ons zien dat op de step alles n6g mooier is! Catrin, jouw
vastberadenheid en scherpte zorgden voor diepgang in mijn onderzoek. Je kwam naast
me staan, observeerde, en schilderde mee waar nodig. Net zo lang tot we allebei tevreden
waren. Door je humor, bemoedigende woorden, verrassende lezingen en niet te vergeten
passende Harry Potter analogieén, inspireer je menig mens - waaronder mij! Ik ben je
dankbaar voor de toewijding, tijd en aandacht die je aan mij en dit proefschrift hebt besteed.
Sanne, jij bouwt ondenkbare bruggen tussen disciplines en faculteiten, met oog voor zowel
inhoud als mens. Zo breng jij de wetenschap verder en geef je vele mensen prachtige
kansen. Afgelopen jaren heb je naast me gestaan in gesprekken, achter me gestaan bij
nieuwe ideeén en voor me gestaan wanneer het nodig was. Ik ben je hier dankbaar voor,
net als voor jouw lieve attenties, de hulp van en goede gesprekken met Robert, en de
konijnen-vlogs van de meiden. Virissa, jij laat zien dat niet alleen het antwoord, maar
juist ook de vraag van belang is. Vanuit jouw invalshoek als epidemioloog stelde jij op
bescheiden toon namelijk de meest relevante vragen. Bovendien hebben we vele uren aan
de methodologische tekentafel gezeten en bediscussieerden we welke statistische methode
het beste paste bij onze onderzoeksvragen. Jouw frisse blik, epidemiologische kennis en
ervaring hebben mijn en menig ander onderzoeksproject enorm verbeterd — dank je wel!

Geachte leden van de beoordelingscommissie: Prof. dr. S.J.T. Branje, Prof. dr. A. van
Harmelen, Prof. dr. M.J. Jongmans, Prof. dr. A.B.J. Prakken en Prof. dr. E.M. van de Putte,
hartelijk dank voor het beoordelen van dit proefschrift.

Zonder Stichting Tetri - gevormd door Wim en Anneke (van Aalst), Ed (van Leeuwen) en
Nicole (van den Dries-Luitwieler) - was dit onderzoek financieel niet mogelijk geweest.
Dank jullie wel voor jullie vertrouwen en steun, en bovendien voor de levendige discussies
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tijdens onze jaarlijkse bijeenkomsten. Wim, samen de Amstel Goldrace fietsen was één van
mijn letterlijke en figuurlijke hoogtepunten tijdens mijn PhD. Nergens smaakt bier zo goed
als boven op de Cauberg! Ook wil ik de Nederlandse Cystic Fibrosis Stichting bedanken voor
haar financiéle steun voor de RISE studie. Het feit dat mensen met taaislijmziekte onze
studie als belangrijk en relevant beschouwen, en daarom ons een subsidie toekennen, is
het grootste compliment dat je als onderzoeker kunt krijgen. Renske (de Kleijn), wat een
eer dat jij ons COVID-19 project uitkoos als goede doel. Door de opbrengsten van jouw
kinderboek ‘Als het virus straks voorbij is’ konden wij de WHISTLER deelnemers van de
COVID-19 studie met cadeaubonnen bedanken voor hun inzet.

Lieve collega’s van de kinderlongziekten, sociale pediatrie groep, mede-first-floor-flexers
en oud-kamergenoten in het Juliuscentrum; zonder jullie zouden levendige discussies
tijdens refereerochtenden, avontuurlijke steptochten door nachtelijk Wenen, roadtrips
door het wilde westen van Amerika, en bovenal, de cruciale koffiepauzes, niet mogelijk zijn
geweest. Er zijn een aantal mensen die ik in het bijzonder wil bedanken. Myriam (Olling),
binnen de afdeling van de kinderlongziekten creéerde jij decennialang een gevoel van thuis
voor iedereen. Zo ook voor mij. Dankbaar ben ik voor jouw luisterend oor en praktische
hulp bij elke vraag. Wilma (Altena), wat ben jij een ijverige duizendpoot! Tk wil je bedanken
voor je bereidheid altijd te helpen, ondanks jouw volle agenda. Rolien (Bekkema) en Lidian
(Izeboud), jullie maakten mij wegwijs in de WHISTLER studie. Zonder jullie geduld,
ervaring en praktische inzichten had de WHISTLER-adolescenten ronde nooit zo snel
van start gekund! Maaike (Berkeljon), Ambika (Gollakishta) en Marjanna (Romers), jullie
hebben mij jarenlang geholpen met de praktische kant van de WHISTLER studie. Zonder
jullie eindeloze bel-uren, had er niemand deelgenomen aan de studie. Isabelle (van der
Linden), wat een feest dat jij degene bent aan wie ik uiteindelijk de WHISTLER studie heb
mogen overdragen. Je bent een kritische denker en doorpakker, mét humor. Els (van der
Heijden), het is een genoegen dat ik zo’n breed geinteresseerde en gedreven onderzoeker
als jij mede mag begeleiden. Met elk onze eigen set aan vaardigheden en ervaring, leer jij
mij ontzettend veel. Rutger (van den Bor), wekelijks geniet ik van de discussies met jou en
Els over de analyses en resultaten van de RISE studie. Door de vragen die we elkaar stellen,
komen we samen dichterbij de betekenis van de data. Over de jaren heen heb ik eveneens
veel geleerd van de studenten wiens stage ik heb begeleid. In het bijzonder wil ik Ambika,
Niels (Kramer) en Rozan (Roodenburg) bedanken. Wat een eer dat ik jullie heb mogen
toespreken tijdens jullie buluitreiking. Danya (Muilwijk), maar weinig mensen snappen
statistiek zo goed als jij. Dank voor het meedenken met vele statistische vraagstukken. Ook
ben ik je dankbaar voor je enorme inzet voor de RISE-studie; zonder jou hadden we nooit
zo'n rijke dataset gehad. Maaike (Vanderschuren), wat ben je een fijn, reflectief mens. Wat
jammer dat onze PhD’s slechts zo’n korte tijd hebben overlapt. Marlies (Destoop), je bent
een aanwinst voor de ‘End of Day Priority’. Ondanks dat ik vanaf april regelmatig mijn kat
zal sturen, hoop ik dat we elkaar blijven spreken.
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Annemarijn (de Boer) en Pauline (van Beek), jullie waren mijn steun en toeverlaat tijdens
de master epidemiologie en ik voel me vereerd onderdeel te zijn van ons MSG (Medisch
Statistisch Genootschap).

Alle co-auteurs, dank jullie wel voor de waardevolle adviezen, input, en feedback op
onze onderzoeksprojecten en artikelen. In het bijzonder wil ik een aantal co-auteurs
bedanken. Alet (Wijga) en Marieke (de Hoog); jullie hebben me enorm geholpen bij het
analyseren en schrijven van mijn eerste manuscript. Elise (van de Putte), jij hebt zonder
terughoudendheid met me meegedacht en me geadviseerd. Ook heb ik vele presentaties en
prachtige kansen aan jou te danken — dat zal ik nooit vergeten! Anne Laura (van Harmelen),
jij bent een steengoede veerkracht onderzoeker. Ik ben dankbaar dat ik van jou heb geleerd
wat veerkracht is en hoe het onderzocht dient te worden. Ik bewonder jouw daadkracht,
humor, relativeringsvermogen, en openheid. Dank voor alle inspirerende gesprekken: in
Cambridge, tijdens online lab-meetings, aan jouw keukentafel, en op de IC.

Berent (Prakken), in de afgelopen 10 jaar heb je me op cruciale momenten de juiste vragen
gesteld. Jij bezit de kunst om mensen te inspireren om op eigen inzicht de juiste keuzes te
maken door hen in vertrouwen te stimuleren. Bovendien heb ik de jaarlijkse gesprekken
met jou en Bert (Arets) enorm gewaardeerd. Tenslotte ben ik dankbaar voor jouw eindeloze
geloof in en support voor Apollo, zonder jou en Norm (Rosenblum) was Apollo nooit
gekomen waar het nu staat. Babette en Alexander (de Graeff), in dialoog met jullie tijdens
een heerlijk diner bij jullie thuis, kwam ik er pas achter wat ‘het schrijven van een boekje’
inhield. De dialogen en diners zijn over de jaren nooit gestopt en elk gesprek met (een van)
jullie leidt tot nieuwe inzichten. Jullie zijn me dierbaar.

Lieve vrienden, ik reken mij rijk met zoveel betrokken en bijzondere mensen om mij heen.
Van museumbezoeken tot (pogingen tot) goede gesprekken op de rand van de zandbak — ik
koester alle momenten met jullie en alles wat jullie voor me hebben gedaan. Zo schreef mijn
dierbare vriendin Mia (Wessels) zelfs mijn biografie voor dit proefschrift, en hielp David
(Veldhuizen) met de vormgeving van de kaft. Graag bedank ik jullie elk in meer detail in
het kaartje dat jullie bij dit proefschrift aantreffen.

Mijn lieve paranimfen, Nienke (de Graeff) en Marlou (Bierlaagh), wat een feest dat jullie
naast mij staan tijdens de verdediging. Of, in ieder geval, de intentie hebben er te staan,
want een potentiéle vroeg- of laatgeboorte kan nog voor wat uitdagingen zorgen. Daarom
wil ik hier niet alleen Nienke en Marlou bedanken, maar ook mijn derde paranimf Emma
(Berkelbach van der Sprenkel), die bereid is om in te springen waar en wanneer nodig. Lieve
Nienke, niemand kan een dilemma beter bevragen, analyseren en uitpluizen dan jij. Jij
bent integer, vol aandacht en vraagt met liefde door tot de kern. Gesprekken met jou geven
nieuwe en waardevolle inzichten en inspireren mij om op eenzelfde manier naar andere
mensen te luisteren en hen te bevragen. Afgelopen jaren hebben we niet alleen lastige
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vraagstukken, maar ook vele avonturen gedeeld: 180 km fietsend in één dag bij 32 graden,
gin-tonics drinkend in de speeltuin, goed toeven in Herberg het Volle Leven, en talloze
bezoeken aan uiteenlopende tentoonstellingen en musea. Ik ben je dankbaar voor deze
rijke vriendschap. Lieve Marlou, “jou maak je niet gek”. Ondanks dat jouw PhD aanzienlijk
anders verloopt dan ooit verwacht (hoezo is de levensduur van menig farmaceutische bedrijf
zo kort?!), houd je moed en blijf je rustig. Bovendien zet jij je altijd en voor iedereen in. Je
hebt bijvoorbeeld zes weken, fulltime en belangeloos, het Kaftrio cohort incluis RISE studie
gedraaid. Ik weet niet hoe ik je daar ooit genoeg voor kan bedanken. Samen kleurden we
de dagen van onze PhD’s in; geen dag begon zonder goede koffiestart, we pakten door met
een uitgebreide lunch, of sloten af met kleine een thee-klaagzang over het één of ander.
Het feit dat ik enorm van mijn PhD heb genoten, kwam voornamelijk omdat jij degene
bent geweest met wie ik de meeste tijd heb doorgebracht. Lieve Emma, waar zijn onze
wegen niet gekruist? Beginnend als psychologie student (jij) en geneeskunde student (ik),
daarna als geneeskunde student (jij) en PhD student (ik), en tenslotte als PhD student
(wij). Ondanks dat onze favoriete werktijden ietwat uit elkaar liggen - ik in de ochtend, jij
in de avond - maakten we samen vele meters. We motiveerden onszelf tijdens (voor mij)
noodgedwongen avondwerk met sushi en vierden kleine en grote successen. Bovendien
ben je de allerbeste bondgenoot om feedback op manuscripten mee te relativeren. Kortom,
ik heb genoten van onze projecten samen.

Mijn lieve (schoon)familie: Loes en Nikolaj; opa en omat Geluk; Marian en Wim; Eveline
en Jochem; Douwe en Laura; Josien en Jant; Maarten, Amke, Roos en kleine Mara; Hanneke
en Wouter; Jasper, Anemone en Cato; en mijn Canadese familie. Jullie hebben eenieder
op jullie eigen manier kleur gegeven aan mijn en ons leven. Van altijd de deur kunnen
platlopen in Amsterdam, Utrecht, en Doorwerth, tot tijdelijk inwonen bij Josien en Jant
in Peize om een vak te kunnen volgen aan de Rijksuniversiteit Groningen. Jullie zijn mij
allen zeer dierbaar. André en Marjolein, ik wil jullie in het bijzonder bedanken voor alle
ondersteuning afgelopen jaren met Sophie, Theo en allerhande klussen in huis. Marjolein,
je staat voor dag en dauw op om op tijd in Utrecht te zijn, zodat wij vroeg aan het werk
kunnen. Ook al voelt dit voor jou als vanzelfsprekend, ik waardeer deze tomeloze inzet
om ons te helpen elke keer opnieuw. Loessie, je hebt geen idee hoe goed jouw appjes en
belletjes mij doen. Ik zie je minder dan ik eigenlijk zou willen, maar op deze manier voel
je toch nabij. Mam en pap, jullie hebben Loes en mij altijd gestimuleerd te leren en ik ben
ervan overtuigd dat mijn liefde voor studeren daaruit is gegroeid. Deze PhD is daarvan
het resultaat. Ondanks dat we niet bij elkaar om de hoek wonen, zien we elkaar veel. Dat
is toe te schrijven aan jullie toewijding. De bourgondische dinsdag is voor ons allen een
feest: Sophie’s gezicht licht op wanneer ze jullie ziet, jullie ontzorgen Daan en mij, en
aan het eind van de dag schuiven wij maar al te graag aan bij pap’s 7-gangen diner. Ik ben
dankbaar voor al jullie liefde en hulp.
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Lieve Sophie, ik prijs mezelf gelukkig met zo’'n fantastische dochter als jij. Met jouw humor,
enthousiasme, en verwondering om de kleinste dingen voeg je eindeloos veel kleur toe aan
ons leven. Tenslotte, lieve Daan, tijd om kleur te bekennen: mijn grootste dank gaat uit
naar jou. Ik ben omdat wij zijn'. Je hebt namelijk de afgelopen jaren - ondanks een druk
en dynamisch thuisfront - mij alle ruimte gegeven, de juiste vragen gesteld, geholpen
(bijvoorbeeld door eindeloos naar dezelfde presentatie te luisteren, net zolang totdat ik
tevreden was), en me tot rust bedaard wanneer het nodig was. Jij bent mijn thuis. Ik geniet
van onze dagen samen en kijk uit naar alles wat de toekomst brengt, met jou, Sophie en
ons aankomende kindje.

1 vrije vertaling van het woord Ubuntu, afkomstig van de Bantoetalen uit Zuidelijk Afrika.
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