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Summary

Background

Post-stroke fatigue (PSF) is a highly prevalent and debilitating condition that negatively
impacts stroke survivors’ daily functioning, rehabilitation, and overall quality of life. Despite
its high prevalence and significant impact on patients and society, there is a lack of
evidence-based treatments for PSF. One major barrier to further progress is the lack of a
clear definition and agreement on measuring and diagnosing PSF. Current research uses
patient-reported outcome measures (PROMs) with several shortcomings, including not

being developed following current PROM development guidelines.

Aims
The overall aims of this thesis were to explore PSF and fatigue PROMs used in stroke
research and to use this knowledge to develop and evaluate measurement properties of a

new PSF PROM adhering to current PROM development guidelines.

Methods

This thesis followed a sequential exploratory mixed-methods design. First, we reviewed 11
fatigue PROMs used in stroke research and assessed the 156 items with content analysis
and descriptive statistics. Then, individual interviews with stroke survivors (n=9) and focus
groups with health professionals (n=16) were conducted to explore PSF, and content
analysis was applied to develop a definition and conceptual framework of PSF. Based on
these findings, an expert panel (n=7) developed the Norwegian Fatigue Characteristics and
Interference Measure (FCIM). The content validity of FCIM was tested in cognitive
interviews (n=15) with stroke survivors. Finally, responses from a cross-sectional survey
(n=169) of stroke survivors were subject to a Rasch analysis investigating the structural

validity and internal consistency of FCIM.

Results
The content analysis of the 156 items in the eleven PROMs in this study revealed 83 unique
items. The PROMs lacked items relevant to a stroke population, contained items irrelevant

to a stroke population, were not comprehensive and had substantial in-between variations
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and differences in item content. The analysis of individual interviews and focus group
transcripts revealed four themes illustrating a conceptual framework of PSF: characteristics
of PSF, interfering and aggravating factors, management, and awareness of PSF. The expert
panel used the conceptual framework to develop an initial version of the Norwegian Fatigue
Characteristics and Interference Measure (FCIM) version 1.0. This version comprised of a
definition of PSF, a 10-item characteristics subscale, and a 20-item interference subscale
with a seven-day recall period. In addition, FCIM included two pre-stroke fatigue items.
Cognitive interviews assessed content validity, resulting in revising, “flagging”, and removing
some items. The participants reported that FCIM provided a comprehensive evaluation of
PSF without any redundant items. The cognitive interviews resulted in FCIM version 2.0 with
an updated PSF definition, ten characteristic items, 18 interference items, and two pre-
stroke fatigue items. The following Rasch analysis of data from the cross-sectional survey
resulted in the removal of additional ten items based on misfit analysis, local dependency,
and issues with content validity. The final FCIM with a 6-item characteristics subscale and a
12-item interference subscale demonstrated good structural validity and internal

consistency.

Conclusion

In this thesis, we found that existing fatigue PROMs used in stroke populations have
significant shortcomings and do not comply with the best practice guidelines and high
standards set by regulators. As a result, we developed a new PROM specifically targeted for
measuring PSF. Based on findings from several qualitative studies, FCIM has a clear
definition and conceptual framework. Further, FCIM has good content validity, structural
validity, and internal consistency. Future studies need to evaluate the construct validity,

responsiveness, and test-retest reliability of FCIM.
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Summary in Norwegian

Bakgrunn

Utmattelse (fatigue) etter hjerneslag er et vanlig og plagsomt symptom som negativt
pavirker evnen til 3 utfgre aktiviteter i dagliglivet, rehabilitering og livskvalitet. Til tross for
hegy prevalens og betydelige konsekvenser for den enkelte, finnes det dessverre ingen
effektiv behandling. Et viktig hinder er mangelen pa en klar definisjon og enighet om
hvordan man best kan kartlegge og diagnostisere utmattelse etter hjerneslag. Eksisterende
pasientrapporterte utfallsmal (PROMs) som brukes i forskning og klinisk praksis har flere

mangler, og de har ikke blitt utviklet i henhold til nyere retningslinjer for PROM-utvikling.

Hensikt

Den overordnede hensikten med denne studien var a utforske utmattelse etter hjerneslag
og PROMs brukt i hjerneslagsforskning, og a bruke denne kunnskapen til 8 utvikle og
evaluere maleegenskapene til et nytt PROM som kartlegger utmattelse hos
hjerneslagpasienter. Dette instrumentet skal utvikles i henhold til gjeldende PROM-

retningslinjer.

Metode

Denne avhandlingen benyttet bade kvalitative og kvantitative metoder i et sekvensielt
eksplorativt mikset metode-design. | en oversiktsartikkel analyserte vi 156 spgrsmal hentet
fra 11 PROMs som var blitt brukt til 3 male utmattelse hos hjerneslagpasienter. Deretter
gjiennomfgrte vi individuelle intervjuer med slagpasienter (n=9) og fokusgrupper med
helsepersonell (n=16). Innholdsanalyse ble benyttet for a utvikle en definisjon og et
konseptuelt rammeverk for utmattelse etter hjerneslag. Basert pa disse funnene utviklet et
ekspertpanel (n=7) instrumentet: Fatigue Characteristics and Interference Measure (FCIM).
Innholdsvaliditeten i FCIM ble testet med kognitive intervjuer (n=15) med
hjerneslagpasienter. Data fra en tverrsnittstudie (n=169) med hjerneslagpasienter var
deretter brukt til 3 evaluere strukturell validitet og intern konsistens ved FCIM gjennom en

Rasch analyse.



Resultater

Innholdsanalysen av de 156 spgrsmalene i de elleve instrumentene identifiserte 83 unike
spgrsmal. Vare analyser viste at instrumentene inneholdt irrelevante spgrsmal, samt at de
manglet bade relevante spgrsmal og en helhetlig kartlegging av utmattelse etter hjerneslag.
Innholdsmessig var det liten grad av overlapp mellom PROMs. Innholdsanalyse av
individuelle intervjuer og fokusgrupper fgrte til utvikling av et konseptuelt rammeverk hvor
utmattelse etter hjerneslag besto av fire dimensjoner: 1) karakteristika ved utmattelse, 2)
konsekvenser av og faktorer som trigget utmattelse, 3) mestring av utmattelse og 4) gradvis
erkjennelse av utmattelse. Ekspertpanelet tok utgangspunkt i dette konseptuelle
rammeverket ved utvikling av FCIM versjon 1.0. Denne versjonen bestod av en definisjon av
utmattelse, 10-spgrsmal i subskalaen karakteristika og 20 spgrsmal i subskalaen
konsekvenser av utmattelse, samt to spgrsmal om utmattelse fgr hjerneslaget.
Innholdsvaliditeten ble evaluert gjennom kognitive intervjuer med hjerneslagpasienter og
resulterte i revidering, «flagging» og fjerning av noen spgrsmal. Deltagerne beskrev FCIM
som et helhetlig instrument uten overflgdige spgrsmal. Analyse av de kognitive intervjuene
ledet til FCIM versjon 2.0. Denne versjonen ble testet i en tverrsnittstudie med pafglgende
Rasch-analyse. Denne analysen avdekket metodiske svakheter ved noen av spgrsmalene
som deretter ble fjernet. Den oppdaterte versjonen av FCIM hadde totalt 20 spgrsmal og

begge subskalaene demonstrerte god strukturell validitet og intern konsistens.

Konklusjon

Denne avhandlingen har avdekket store svakheter med eksisterende pasientrapporterte
utfallsmal benyttet for a kartlegge utmattelse hos hjerneslagpasienter. Disse instrumentene
oppfyller ikke kravene til validitet og reliabilitet som man i dag stiller til denne typen
pasientrapporterte utfallsmal. Gjennom flere kvalitative studier har vi derfor utviklet et nytt
instrument som er tilpasset hjerneslagpasienter. FCIM er basert pa en klar definisjon og
konseptuelt rammeverk, og vare funn viser at FCIM har god innholdsvaliditet, strukturell
validitet og intern konsistens. Fgr instrumentet kan tas i bruk, kreves flere studier for en

ytterligere evaluering av instrumentets validitet, reliabilitet og responsivitet.
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1.0 Introduction

Having an acute stroke changes life within seconds. The blood supply to a part of the brain is
disrupted, which leads to damage and, eventually, death of brain cells. Immediate medical
care is necessary to reduce the stroke impact, and optimized treatment and rehabilitation
are vital to enhancing recovery [1]. After days or even months, with hospitalization and
rehabilitation, most patients undergo significant functional improvement [2]. However,
many patients experience life-changing post-stroke disabilities and symptoms, with post-
stroke fatigue (PSF) being the most common symptom three months after stroke [3]. Stroke

survivors rate fatigue as the second most crucial research priority [4].

PSF is a disabling condition that significantly affects stroke survivors’ quality of life,
rehabilitation, functioning, and ability to return to work [5-7]. The onset and trajectory vary,
but patients often have to live with PSF as a permanent symptom [8, 9]. There are no
evidence-based treatments for PSF, despite its high prevalence and tremendous impact on
patients and society [10, 11]. A major obstacle to further research on interventions to
prevent and treat PSF is the lack of consensus on defining, conceptualizing, measuring, and
diagnosing fatigue [12]. To our knowledge, we lack a patient-reported outcome measure
(PROM) that assesses the clinically relevant aspects of PSF and adheres to current PROM

development guidelines.

Consequently, research currently uses various PROMs to assess PSF [13, 14]. Unfortunately,
these instruments have significant disadvantages; most importantly, they lack content
validity in stroke survivors [15]. Thus, the overall aims of this thesis were to explore PSF and
fatigue PROMs used in research and to use this knowledge to develop and evaluate the

measurement properties of a new PSF PROM.



2.0 Background

2.1 Stroke

2.1.1 Epidemiology and diagnosis

Every year, 12.2 million people worldwide have a first-time stroke, and more than 100
million people are living with a prior history of stroke [16]. In Norway, around 10.000 people
are admitted to a hospital due to stroke each year [17]. Ischemic strokes cause 85% of all
stroke cases, and intracerebral hemorrhage causes around 15% [17]. These Norwegian

prevalence rates are similar to those in other high-income countries [18].

The International Classification of Diseases (ICD-11) has, in its newly updated version,
defined stroke as a neurological disease [19]. The defining characteristic of a stroke is
impaired perfusion through the blood vessels to the brain and reduced oxygen supply,
which eventually lead to necrosis [1, 20]. Depending on the site and size of the stroke, loss

of neuronal function can lead to many different symptoms and disabilities.

Symptoms of a stroke include sudden onset of numbness or weakness in the face, arm, or
leg, trouble speaking, confusion, vision disturbances, dizziness, coordination problems, or
loss of balance. These focal neurological symptoms can also occur with several other
conditions. The key to differentiating stroke from stroke mimics (as well as identifying stroke
subtypes) is brain imaging by CT scan or MRI [21]. When a correct diagnosis has been
established, corresponding treatment can follow. Introducing thrombolysis and
thrombectomy and implementing specialized stroke units have significantly improved the
acute treatment for cerebral infarction. These advances in treatment have reduced
mortality and disability rates [18]. For hemorrhagic stroke, there are no specific disease-
modifying treatments. The acute phase treatments include lowering systemic blood
pressure and intracranial pressure, unfortunately, with little impact on the prognostic
variables [21]. However, the overall mortality rates for stroke are declining, and globally the
population is growing and aging. Thus, the number of people living with functional
impairments, disabilities, and reduced health due to stroke continuously increases, as stroke

is the third-leading cause of lost disability-adjusted life years (DALYs) [18].



2.1.2 Post-stroke disabilities and functioning

Having a stroke can result in a wide range of disabilities and reduced functioning, having an
impact on independence and quality of life [2]. The most significant improvement occurs in
the first three to six months post-stroke. However, recovery can occur at any stage [2]. The
timeline in stroke recovery is often divided into the hyperacute and acute phase (0-7 days),
early subacute phase (7 days to 3 months), late subacute phase (3 to 6 months), and chronic
phase (>6 months) [22]. After a stroke, biological, psychological, and socio-environmental
factors influence recovery [23, 24]. A variety of impairments in body functions (e.g.,
orientation, attention, language, and physical functions) can have an impact on a patient’s
ability to perform daily activities and participate in social life (e.g., walking, doing
housework, maintaining relationships with family and friends). Further, environmental, and
personal factors can serve as facilitators or barriers to functioning and participation (e.g.,

help and recognition from next of kin) [23, 25].

At any point during stroke recovery, symptoms, such as fatigue, can be a significant threat
to the overall rehabilitation process [26]. PSF may impede recovery, as PSF is associated
with poorer physical outcomes and reduced quality of life [27, 28], which can lead to poor
long-term outcomes [28]. Unfortunately, health professionals often neglect or overlook PSF,
leaving the patients overwhelmed in their new situation [26]. The overall quality of
guantitative PSF research is said to be poor [28], and significant research is needed to

understand the etiology of PSF [29].

2.2 Post-stroke fatigue
Even though the first study on PSF was published as late as 1999 [30], fatigue-related
symptoms in general have been reported in humans since the mid-19t" century. However,

the pathophysiology and associated factors of PSF remain unclear [31].

2.2.1 Historical perspectives
There have been long-lasting discussions concerning what constitutes and causes fatigue,
and historical insight can shed light on the evolution of research. Fatigue is a recent term

previously called neurasthenia. An American neurologist, George Beard, was one of the first

3



to describe neurasthenia as a distinct clinical entity that often occurred in upper-class
women reporting symptoms of exhaustion, muscle weakness, and pain. It was a popular
diagnosis that, for a while, was associated with neurological and other somatic disorders.
However, during the 1900-century, neurasthenia as a diagnosis was reclassified as a mental

disorder associated with anxiety, hysteria, and depression [32].

This view of fatigue as a mental disorder prevailed until relative recently. In the ICD-10,
published in 1992 and used until 2022, the diagnosis of “Neurasthenia” was still classified as
a mental and behavioral disorder [33]. However, the recently published ICD-11 reflects the
contemporary view of fatigue and includes two essential changes from the ICD-10. Firstly,
the term neurasthenia is replaced with fatigue. Secondly, fatigue is classified as a symptom
unrelated to a specific body system. As such, fatigue is neither classified as a mental nor a

physical condition [34].

2.2.2 Definition and multidimensionality

A major problem in PSF research is the lack of a clear definition. Due to the subjective
nature of fatigue, the diagnosis and assessment of PSF are based on patients’ self-reports.
Different studies have defined PSF in various ways, and there is no consensus among
researchers and clinicians on how to define PSF [28]. The only case definition for PSF is
developed by Lynch et al. This case definition aims to detect clinically significant fatigue by
interviewing patients with a pre-set list of questions. To fulfill the case definition, patients
need to indicate that they 1) have experienced fatigue every day or nearly every day for the
last 2 weeks in the past month and 2) the fatigue interferes with activities in their daily life.
Based on this interview, PSF is determined to be either present or not present [35]. Whether
a patient fulfills the case definition is based on subjective judgments by the interviewer, and

it lacks an unambiguous definition of PSF.

From a measurement perspective, it is vital to clearly define the concept being measured
[36]. One of the reasons why PSF is difficult to define is due to its multidimensionality and
complexity [37]. PSF has been described as a symptom that is expressed in different ways

and has different factors contributing to its experience [38]. Qualitative studies are the
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preferred method for investigating symptom experience [39], yet only a few original
gualitative studies have explored PSF as their main aim [40-48]. Other studies with different
overall aims have reported fatigue as a secondary finding [49-53]. Central findings in these
studies were the consequences of fatigue and different strategies for coping [42, 46-48, 51].
The feeling and experience of PSF need to be better studied, and none of these studies

explored PSF with a later aim to develop a PROM.

A prerequisite for PROM development is to have a conceptual framework. A conceptual
framework can be defined as “a model representing the relationships between the items
and the construct to be measured” [36], and various aspects of the concept are preferably
depicted in a diagram or model [36, 54]. A qualitative meta-synthesis developed a model
displaying the three main themes of stroke survivors’ experiences with PSF and how these
themes were related [55]. The first theme was PSF’s core characteristics, including lack of
energy, abnormal need for sleep, being quickly tired, unpredictable feelings, and increased
stress sensitivity. In addition, having PSF was described as invisible and distressing due to it
being an undefined condition. The other theme was the acknowledgment of PSF from
significant others, and the third theme was coping with PSF. However, the authors of this
meta-synthesis highlight the need for more research, especially on the experience of PSF
across the illness trajectory [55]. When measuring a complex symptom such as fatigue, the
conceptual framework must be developed specifically for that PROM [36]. Without a clear
definition and conceptual framework, it is challenging to adequately quantify a concept and

develop items that genuinely reflect the concept it intends to measure [56].

2.2.3 Prevalence and trajectory

The lack of a clear definition of PSF is one reason for the considerable variation in estimates
of its prevalence, which range between 25% and 85% [29]. Other explanations for this
variation include the use of different diagnostic criteria and outcome instruments, and
assessing PSF at different times since the stroke. Other methodological factors such as
country/region or exclusion criteria (e.g., excluding patients with depression and cognitive
impairment) might also add to the inconsistent results [57]. Meta-analyses have estimated

the pooled prevalence rates for PSF between 48% (95% Cl 42-53) [57] to 50% (95% Cl 43—



57) [58]. However, both studies had substantial heterogeneity (12>90%), and results should
be interpreted with caution. The geographical location could explain some of the variation
across studies. Nevertheless, opposite results were found regarding depression and time
since stroke as variables explaining the heterogeneity [57, 58]. The pooled prevalence rates
were only based on studies assessing PSF with Fatigue Severity Scale (FSS). Thus, the
reported heterogeneity between the included studies might be related to the lack of

reliability of FSS itself [35].

The same variability is seen in studies investigating the trajectory of PSF. Some studies have
reported that the proportion of fatigue decreases over time [59, 60]. Other studies have
shown fatigue as stable [61] or increasing [62]. Despite some variable results in these
specific details, fatigue seems to be a persistent and prevalent symptom reported up to 6
years post-stroke [8, 9]. Unfortunately, we lack effective treatment for this disabling

condition [63].

2.2.4 Treatment and pathophysiology

Several reviews have scrutinized different pharmacological and non-pharmacological
treatments tested in clinical intervention studies [37, 63-65]. Both antidepressants [66, 67]
and Modafinil [68] (central nervous system stimulant, traditionally used to treat daytime
sleepiness) have been tested in randomized clinical trials. Currently, there is insufficient
evidence for the efficacy of any pharmacological treatment [63, 69]. A wide range of non-
pharmacological interventions has also been tested, including, cognitive behavioral therapy
[70], mindfulness [71], educational programs [72], and graded activity training [73]. Similar
to the drug clinical trials, no significant differences have been found to support the
effectiveness of any of these interventions [63-65]. One of the challenges in optimizing

treatment is the need for more knowledge regarding PSF’s pathophysiological mechanisms.

Several pathophysiological mechanisms have been proposed and are under study in stroke
survivors. A well-investigated hypothesis is a causal link between PSF and stroke type, lesion
location, or stroke severity. However, there is no robust evidence for such a relationship [13,

28]. Cortical excitability has been suggested as related to PSF, and one study proposed that
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reduced response from cortical neurons contributed to high levels of fatigue [74]. Fatigue is
prevalent in patients with autoimmune diseases and is often reported post-infection in
otherwise healthy individuals. Hence, a causal link to inflammation has been suggested, but
this hypothesis lacks substantial evidence and needs further investigation [28]. Despite the
various proposed pathophysiological mechanisms, PSF may also be triggered and
maintained by psychological, socio-environmental, and biological factors. Thus, a suggestion

is to view the maintenance of PSF from a biopsychosocial perspective [13, 75].

2.3 Factors associated with PSF

Several symptoms and disorders are prevalent after a stroke [25, 76]. Some of these factors
are reported to be associated with and have attributes overlapping with PSF [77, 78]. Under
the evolution of a conceptual framework for PROM development, it is crucial to be aware of
similar but distinct symptoms and disorders. In item development, these constructs should
be differentiated from the symptom of interest [56]. The most important symptoms and
disorders associated with PSF are depression, cognitive impairment, and physical

impairment [69].

2.3.1 Depression

Depression is common after a stroke and strongly relates to PSF [13, 69]. According to ICD-
11, depressive disorders can be defined as having a: “depressive mood (e.g., sad, irritable,
empty) or loss of pleasure accompanied by other cognitive, behavioral, or neurovegetative
symptoms that significantly affect the individual’s ability to function”. Such symptoms
include difficulty concentrating, feelings of worthlessness, hopelessness, changes in appetite
or sleep, and reduced energy or fatigue [34]. A depressive disorder is a clinical diagnosis that
must meet strict diagnostic requirements. However, symptoms of depression can be
assessed with various self-report instruments, which enable the monitoring of patients’
symptoms and their impact on daily life. A meta-analysis reported a 29% (95% Cl 25-32, |2=
93.9) pooled prevalence rate for post-stroke depressive disorder, which remained stable
during the first ten years after the stroke [79]. Post-stroke depressive disorders are
substantially higher than pre-stroke prevalence rates. A meta-analysis of stroke samples
found a pooled prevalence rate of pre-stroke depressive disorders (collected from medical
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records) of 9.4% (95% Cl 6.2-14.0) [80]. In comparison, the prevalence rate for depressive
disorders alone was 3.2%, and in patients with one chronic physical condition, it ranged

from 9.3-18.1% depending on the specific comorbid disease [81].

Fatigue and lack of energy are general symptoms of depression, and it can be challenging to
differentiate between them [69]. Several studies have shown a significant association
between PSF and depressive disorders and symptoms. However, post-stroke fatigue is also
present in stroke survivors without depression [69, 82-85]. Fatigue is often assessed in
PROMs measuring symptoms of depression [86], and commonly-used fatigue PROMs
contain items assessing aspects of depression such as reduced interest and motivation [87-
89]. A recent review showed that several factors suggest that PSF and depression are two
distinct clinical entities [28]. First, PSF is more prevalent than post-stroke depression.
Second, antidepressants have been shown to effectively treat post-stroke depression but

have no significant effect on fatigue symptoms [66, 67].

2.3.2 Cognitive impairment

Dementia and mild cognitive impairment are also commonly reported after a stroke, and
fatigue is more frequently reported in people with dementia than cognitively non-impaired
persons [90, 91]. According to ICD-11: “dementia is characterized by the presence of marked
impairment in two or more cognitive domains relative to that expected given the
individual’s age and general premorbid level of cognitive functioning, which represents a
decline from the individual’s previous level of functioning.” Mild cognitive impairment is the
transitional stage between normal aging and dementia. In contrast with dementia, only one
domain needs to be affected in mild cognitive impairment, and mild cognitive impairment
does not affect activities in daily living [34, 92]. Dementia is common in the elderly
population and is also causally linked to stroke. A study found that the prevalence of post-
stroke dementia was 41% and a study of older stroke patients revealed that up to 66% had

mild cognitive impairment three months after stroke [93, 94].

Common cognitive symptoms of dementia and mild cognitive impairment are problems with

concentration, orientation, attention, and memory. The most common psychological
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symptoms are apathy, depression, and anxiety [95]. These symptoms of cognitive
impairment are similar to some characterizations of PSF, described as reduced mental
capacity, lack of interest, and poor motivation [13]. Additionally, these symptoms also
overlap with symptoms of depression [34]. In developing a conceptual framework for a
fatigue PROM, the boundaries between symptoms of fatigue and cognitive impairment

must be carefully considered [56].

2.3.3 Physical impairments

Physical impairments are widespread consequences after a stroke and affect up to 80% of
patients. Post-stroke physical impairments are characterized by limitations or complete loss
of function in muscle control and movement [96]. This limitation in mobility can range from
total paralysis to minor weakness or numbness and lead to activity limitations and
constraints in participation [25, 96]. During the first 3-6 months, patients improve an

average of 70% of their lost physical functions [2].

Several reviews show that PSF is associated with reduced physical functioning. However, the
stroke size does not predict PSF, and PSF might be the only sequela in patients with fully
recovered physical functions. In addition, not all patients with physical impairment
experience PSF [28, 69]. PSF is often described as a lack of physical (or mental) energy that
reduces the ability to perform physical activity [28]. Although PSF can interfere with physical
activity, PSF and reduced physical functioning are two different post-stroke sequelae.
Despite this, many existing fatigue PROMs include items referring to physical functions

directly limited by the stroke. Such items can falsely inflate fatigue scores [12].

2.3.4 Pre-stroke fatigue

Fatigue is a prevalent symptom experienced across various diseases [32] and is also
common in healthy populations [97]. Further investigation is needed to determine whether
fatigue is a unified experience across diseases. One qualitative meta-synthesis investigated
similarities and differences in the fatigue experience between PSF and cancer-related
fatigue and found both similarities and differences in the fatigue experience [98]. Similar to

PSF, the pathophysiology of fatigue in other diseases is not well known, and it is unclear if
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the same underlying cause leads to fatigue in all conditions [32]. A variety of potential
causal mechanisms are proposed for the different diseases. For example, fatigue in irritable
bowel disease is hypothesized to result from nutritional deficiency, inflammation, or altered
metabolism [99]. Cancer fatigue is suggested to be caused by cytokine dysregulation,
circadian rhythm disruption, or anemia [100]. Fatigue is also common post-COVID and is

suggested to be caused by pathological inflammation [101].

2.4 Fatigue PROMs

The knowledge base in PSF research is poor, and the results are often inconsistent, with a
high risk of bias [29, 31, 63]. A potential, often overlooked, bias in PSF research is the
validity of fatigue instruments in diagnosing, evaluating therapy, and predicting the future

course of PSF [12].

Measuring health outcomes is essential to deciding how to best care for patients.
Traditionally, researchers use measures of morbidity and mortality to track health
outcomes. However, patient-reported outcomes (PROs) are increasingly recognized as an
essential basis for patient-centered care [54] and provide the only reasonable strategy for
evaluating the treatment impact of symptoms such as fatigue [102]. The definition of a PRO
is: “any report of the status of a patient’s health condition that comes directly from the
patient without interpretation of the patient’s response by a clinician or anyone else” [54].
Instruments or questionnaires, called patient-reported outcome measures (PROMs), are
used to measure the PROs. In this thesis, the discussed PROMs are restricted to self-
reported questionnaires for adults and interchangeably referred to as either instruments or

PROMs.

More than 50 fatigue PROMs have been identified in the literature [103]. The items in these
PROMs are often developed without apparent patient involvement and then tested in
people with conditions such as multiple sclerosis, chronic fatigue syndrome, or cancer [12,
87]. Research on PSF has applied fatigue PROMs with the general assumption that these
instruments can produce trustworthy findings on PSF [12]. However, several reviews have

concluded that we lack a high-quality PROM to adequately assess fatigue in stroke survivors
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[12, 37, 104, 105]. This lack of a superior PROM constitutes a barrier to progress and
prevents the development of specific PSF treatments [105]. For example, in drug therapy
development, the U.S. Food and Drug Administration (FDA) only supports labeling claims
based on PROMs developed according to PROM development guidelines [54]. These
guidelines represent the current state-of-the-art for PROM development, as presented in

the next section.

2.4.1 Guidelines for PROM development

PROMs are often claimed in general terms to be “valid” and “reliable.” Validity can be
defined as “the degree to which an instrument truly measures the construct it purports to
measure,” and reliability can be defined as “the degree to which the measurement is free
from measurement error” [106]. The validity and reliability aspects of a PROM are overall
called measurement properties. Multiple measurement properties need to be evaluated
before using a PROM in a study, and it is impossible to establish every form of validity and
reliability in one test [36]. Assessing the validity of a PROMs is complicated, considering the
subjective nature of PROs and the lack of a proper gold standard [36]. Several guidelines
suggest different criteria to assist the development and critical appraisal of a PROM’s

measurement properties.

Widely used PROM development guidelines include the Standards for educational and
psychological testing (developed jointly by the American Educational Research Association
(AERA), American Psychological Association (APA), and the National Council on
Measurement in Education) [107] and the criteria developed by the Scientific Advisory
Committee of the Medical Outcomes Trust [108]. Various academic disciplines, including
psychology, medicine, and education, often concur with these standards [109]. However,
these guidelines lack explicit requirements for what constitutes excellent measurement
properties [110]. In addition, they are developed based on preference and expert opinion

rather than evidence [36, 108].

With this in mind, Mokkink and colleagues performed an international Delphi study

including around 50 experts, intending to achieve consensus on standards for evaluating the
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methodological quality of studies on measurement properties for PROMs [111]. As a result,
they developed COnsensus-based Standards for the selection of health status Measurement
INstruments (COSMIN) [111]. The advantage of the COSMIN methodology is that it has a
broad view of validity and reliability and is developed based on expert consensus in the
field. In health care, it is advised to follow the COSMIN methodology [56]. Thus, this thesis

adheres to the COSMIN methodology for instrument development.

In addition, this thesis also follows a guideline developed by the U.S. Food and Drug
Administration (FDA) [36, 54]. A PROM used to measure treatment benefits in medical
product clinical trials needs to be of exceptionally high quality if the aim is to support
labeling claims approved by regulatory agencies such as the FDA or European Medicines
Agency (EMA) [112]. To guide the process, the FDA has developed a guideline to support
claims in medical product labeling (“Guidance for Industry — Patient-reported outcomes
measures: use in medical product development to support labeling claims”) [54]. FDA’s
guideline uses the same terminology and methodology as COSMIN and has equally high

criteria for measurement properties of PROMs [54].
The COSMIN taxonomy divides the overall measurement properties into aspects of validity,

reliability, responsiveness, and interpretability, where validity and reliability have several

different sub-categories, as presented in Figure 1.
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Figure 1. COSMIN taxonomy of measurement properties for health-related PROMs.
Reprinted with permission from Elsevier [106].

2.4.2 Measurement properties of fatigue PROMs in stroke samples

Reviews of fatigue PROMs used in stroke populations conclude that no multidimensional
instrument has been adequately tested in stroke survivors. In each of the currently used
fatigue PROMs, only one or a few measurement properties have been assessed, which is
insufficient in the views of COSMIN and FDA [12, 13, 38, 104, 105]. The current section aims
to give a comprehensive view of the state of research concerning fatigue PROMs used in PSF
research and display the knowledge gap at the start of our study. The following section will
describe and define different types of PROMs measurement properties in detail and give

examples that are relevant to PSF.

Content validity is viewed as the most crucial measurement property and can be defined as
“the degree to which the content of a measurement instrument is an adequate reflection of

the construct to be measured” [106]. Qualitative studies with patients and other
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stakeholders are the preferred method to establish content validity. First, a qualitative study
can explore the concept and enable item generation. After developing the initial PROM,
another qualitative study will further test the content validity by assessing whether all items
are relevant and whether the concept is comprehensively covered by the items [36]. In
existing PROMs, researchers and representatives from the target population can review
content validity, assessing the relevance and comprehensiveness of the items [36]. The
PROM must provide a clear definition and conceptual framework that is also reflected in the
items. If a fatigue PROM lacks evidence of content validity, it may not be an accurate or
reliable instrument for assessing the concept it intends to measure, which could lead to
inaccurate results [36]. Content validity needs to be established before further assessment
of validity and reliability, to avoid potentially assessing the reliability and validity aspects of

a different concept [113].

Content validity, as well as any other measurement property, is disease-specific [36]. Many
of the fatigue PROMs often used in stroke populations are generic (as opposed to disease-
specific) PROMs developed for non-neurological conditions. These PROMs need an
assessment of content validity before being used in a stroke population [36, 54, 104, 105].
The most commonly-used fatigue PROM in stroke research is the Fatigue Severity Scale (FSS)
[87]. In addition, the Fatigue Assessment Scale (FAS) [88] and Short Form-36 Vitality (SF-36
Vitality) [114] are often used. However, these three instruments lacks an adequate
assessment of content validity in stroke populations [12, 105]. These generic PROMs are
developed based on theory or expert opinion, making them especially vulnerable to lacking
relevance to the study population [36, 54]. The only fatigue PROMs developed with some
input from stroke survivors are the Neurological Fatigue Index-Stroke [115] and Dutch
Multifactorial Fatigue Scale [116]. The Neurological Fatigue Index (NFI) was initially
developed for multiple sclerosis [117]. However, the content validity of the Neurological
Fatigue Index in multiple sclerosis has been reviewed as limited [104]. In stroke survivors,
the qualitative assessment of the Neurological Fatigue Index-Stroke was limited to an
examination of the thematic similarities between six interviews with stroke survivors,
compared to interviews with a multiple sclerosis sample. Five out of six interviewed stroke

survivors were women, fatigue was not a criterion for inclusion, and assessment of the
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items’ relevance and comprehensiveness considering PSF was not assessed [115]. The Dutch
Multifactorial Fatigue Scale consists of five sub-dimensions that were developed a-priori,
and items within these dimensions were developed based on qualitative interviews with 14
patients having acquired brain injury (i.e., stroke or traumatic brain injury) [116]. However,
content validity assessment and testing of the items after their development were not
conducted as advised in PROM guidelines [36]. Even though content validity is rarely
assessed, several studies evaluate other aspects of the validity and reliability of fatigue

PROMis in stroke samples.

The most straightforward way to assess validity is with criterion validity, which concerns
how well a measurement agrees with a gold standard. However, PROs, such as PSF, almost
always lack a gold standard. In these situations, the assessment of construct validity is the
preferred method [36]. Construct validity can be defined as “whether the instrument
provides the expected scores, based on existing knowledge about the construct” [106].
There are three aspects of construct validity: structural validity, hypothesis testing, and
cross-cultural validity. Structural validity can be defined as “the degree to which the scores
of a measurement instrument are an adequate reflection of the dimensionality of the
construct to be measured” [106]. Assessments investigate the dimensionality of an
instrument and can also evaluate the quality of individual items, which is especially
important in a development process [36]. Structural validity can be assessed with statistical
analysis such as Rasch analysis (one type of item response theory) and factor analysis. Rasch
analysis can provide a complex evaluation of the dimensionality and item characteristics in
great detail [36]. Structural validity has only been assessed in a few fatigue PROMs in a
stroke population: FSS [118], Neurological Fatigue Index-Stroke [115], Fatigue Assessment
Scale [119], and Dutch Multifactorial Fatigue Scale [116].

If structural validity testing shows that a PROM contains several dimensions, this will guide
the hypothesis testing of the instrument. Hypothesis testing assesses the instruments and
their sub-dimensions’ relationships to other instruments measuring similar or dissimilar
constructs [36]. Hypothesis testing is equivalent to convergent and discriminant validity [39].

A prerequisite for hypothesis testing is the a-priory development of detailed and specific
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hypotheses regarding the direction and size of each one of the correlations, together with
sound justifications for these expectations [36]. Several studies have performed hypothesis
testing of fatigue PROMs and their correlation to other fatigue PROMs or other constructs,
such as symptoms of depression [103, 115, 116, 118-124]. However, a problem with the
previously mentioned studies is the lack of explicitly reported hypotheses. For example,
Mead et al. [103] and Visser Keizer et al. [116] only report the correlation with a general

comment on whether it is low, moderate, or high.

The third important aspect of construct validity is cross-cultural validity, which is applicable
whenever an instrument is translated from the original version and includes qualitative
testing of the translation and the need for any cultural adaptations of the items. Brandal et
al. have translated the Fatigue Assessment Scale into Swedish, reportedly with pre-testing in
the target population, but did not provide additional information regarding this procedure
[120]. Valko et al. validated the FSS in a Swiss cohort using the most common procedure of
back-and-forth translation but without testing in the intended population [124]. Others
have translated and tested the PROM in the general population [118], and some have

translated the PROM without reporting the procedure [119, 122, 125].

The reliability of PROMs refers to three main aspects. First, internal consistency tests the
degree of interrelatedness among the items in a PROM (or in a subscale) and is most
commonly assessed with Cronbach’s alpha [36]. Internal consistency calculation only
requires one measurement; thus, Cronbach’s alpha is often reported [103, 116, 118-121,
124]. Second, different reliability parameters can assess the relationship between a person's
scores on the PROM over time; third, measurement error parameters assess the magnitude
of the error [36]. Previous studies on the reliability of fatigue PROMs in a stroke population
have assessed different aspects of reliability parameters. These results show limited
reliability evidence [103, 115, 119, 120, 122-124] which are also confirmed by systematic
reviews [12, 104, 105].

The overall ambition in medicine is to cure or reduce the symptom burden for patients.

Thus, a PROM'’s ability to capture change over time is fundamental, especially in clinical
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intervention studies and in medical product studies aiming to measure treatment benefits
(or risks) to support labeling claims [36, 54, 105]. Instruments aiming to evaluate treatment
must be responsive to change, called responsiveness. Responsiveness is an important
measurement property in addition to validity and reliability. Like other measurement
properties, responsiveness needs to be evaluated in the specific population and context of
use [36]. Tseng et al. have reported responsiveness of the Visual Analog Fatigue Scale based
on Effect Size and paired t-test [123]. However, these methods are not considered suitable
parameters of responsiveness. Besides Tseng et al., responsiveness has generally not been
reported in stroke populations, not even in the most commonly-used PROMs such as the

FSS [12, 105].

2.5 Brief rationale for this thesis

PSF research routinely uses generic fatigue PROMs, which lack content validity evidence in
general and may be less responsive to change [126]. Content validity is by far the most
crucial measurement property [36, 54, 56, 127]. Evidence of other measurement properties
will not overcome problems with content validity [54]. Just because a PROM is widely used,
it does not guarantee that it has been appropriately developed or that all relevant
measurement properties have been thoroughly assessed. The first initial step in instrument
development is to gain knowledge of existing instruments, and it is advised to conduct a
thorough review of relevant literature [56]. There is also a clear need for a specific definition
and conceptual framework of PSF [28]. To provide valid and reliable results regarding
diagnosis and treatment effects, PSF needs to be measured with a robust fatigue PROM

developed explicitly for the stroke population, adhering to state-of-the-art guidelines.
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3.0 Aims of the study

The overall aims of this thesis were to explore PSF and fatigue PROMs used in stroke
research and to use this knowledge to develop and evaluate measurement properties of a

new PSF PROM adhering to current PROM development guidelines.

Specific aims
Paper 1: To explore item relevance, missing items, and comprehensiveness in dimensions of
PROMs used in PSF research and to identify similarities and differences through cross-

comparison of PROMs.

Paper 2: Explore PSF as it is experienced by stroke survivors and described by health
professionals to guide the future development of a new PSF-specific PROM. Further, the aim

was to develop a definition and a conceptual framework of PSF.

Paper 3: Develop a PSF PROM and evaluate its content validity, structural validity, and
internal consistency. Further, the aim was to develop an instrument that could measure
fatigue characteristics and interference (in two subscales), have the potential to measure
improvement (for use in intervention studies), assess the level and duration of fatigue

experienced prior to stroke (i.e., pre-stroke fatigue) and be relatively short (feasible).
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4.0 Methods

The main methods used in this thesis are briefly summarized in this section, and

comprehensive descriptions of the methods are found in the attached manuscripts.

4.1 Study design

We used a sequential exploratory mixed-methods design as described by Creswell and Plano
Clark [128] to address the overall aim, as well as the guidelines for the development of

PROMs from COSMIN [36] and the U.S. Food and Drug Administration (FDA) [54].

This design, which is commonly used in instrument development, begins with qualitative
exploration to ensure the content validity of the PROM. It then moves on to a quantitative
stage, testing the PROM in a larger sample [128]. An overview of the studies in this thesis is
shown in Table 1. Before developing the PROM, a comprehensive review of relevant
literature is recommended to understand existing PROMs thoroughly [56]. COSMIN and FDA
guidelines provide a clear and in-depth methodology to consider throughout the instrument
development process, covering aspects such as creating a conceptual framework,

generating items, and determining sample size [36].

Table 1. An overview of methods and data material included in this thesis.

Study methods Data collection period Analysis

Paper 1 | Review of PROMs (n=11) Systematic literature search | Content analysis

performed in May 2018 and descriptive
statistics

Paper 2 | Individual interviews (n=9) June 2017 — August 2018 Content analysis
Focus groups (n=16) November 2017 — May 2018

Paper 3 | Expert panel (n=7) January — June 2020 Group discussions
Cognitive interviews (n=15) August — September 2020 Content analysis
Cross-sectional survey (n=169) | January — March 2021 Rasch analysis
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4.2 Review of fatigue PROMs used in PSF research (paper 1)

In paper 1, we conducted a review and content analysis of PROMs used to assess fatigue in
PSF research. We systematically searched the literature for studies on PSF and found 24
different PROMs used across 78 studies. The most-used PROMs (n=8) and PROMs partly
developed or tested in a stroke sample (n=3) were included for analysis. The literature
search was performed following the PRISMA guidelines for reporting systematic reviews

[129].

4.2.1 Data collection and analysis

In total, the 11 PROMSs contained 156 items. These items were entered into NVivo software
version 11, a tool for organizing and managing qualitative data [130]. We performed a
gualitative content analysis to analyze the specific item content and compare individual
items between instruments. Content analysis is a systematic approach suitable for
categorizing words and phrases based on their content [131]. All items were compared to
every other item, classifying them as either similar (identical or nearly identical wording) to
one or more items or single and unique (no other items with substantially the same
meaning). Two authors conducted the analysis independently and reached a consensus
through discussion. The items were also categorized into dimensions and sub-dimensions.
The findings from the content analysis were analyzed using descriptive statistics in SPSS
version 26 to provide a summary of the data. The statistical overlap between the PROMs
was calculated using the Jaccard similarity coefficient, which showed the degree of overlap

between items in two PROMs [132].

4.3 Exploring PSF (paper 2)

Paper 2 used a qualitative, explorative design to gain an in-depth understanding of stroke
survivors’ experiences and health professionals’ perspectives on PSF. The study was
conducted using individual semi-structured interviews and focus groups. We followed the
Consolidated Criteria for Reporting Qualitative Research (COREQ checklist), which ensured
the proper reporting of all essential aspects of the research team, study design, and analysis

[133].
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4.3.1 Sample and setting

A total of 9 stroke survivors and 16 health professionals were included in this study.
Participants were recruited using purposive sampling and aimed to recruit a heterogeneous
sample of participants with diversity in age, gender, levels of physical impairment,
communication disorders, and living accommodations. Inclusion criteria were the following:
1) had suffered a stroke within two years before enroliment, 2) met the diagnostic criteria
for post-stroke fatigue defined by Lynch et al. [35], 3) had adequate mental and verbal
ability, and 4) were at least 18 years of age. Five participants were recruited from a stroke
user organization’s Facebook page and four from a stroke outpatient clinic at a hospital in
Oslo. Five interviews were conducted in the participants’ homes and four at Lovisenberg

Diaconal Hospital, Oslo, Norway.

Health professionals were purposively sampled from different levels of healthcare: a stroke
unit at a hospital in Oslo, home healthcare services in Oslo municipality, and a rehabilitation
hospital in eastern Norway. These sites represented specialized and general treatment
settings for stroke patients. Only those with clinical experience treating stroke patients were
eligible for inclusion, and a diverse range of health professionals was sought. Focus groups

were held at the participants’ workplaces during working hours.

4.3.2 Data collection and analysis

Interviews and focus groups lasted between 45 and 80 minutes, were audio-recorded, and
followed a semi-structured interview guide. The health professionals were divided into
three focus groups. All interviews were conducted and transcribed by the first author, with a
co-moderator present in the focus groups. We performed an inductive content analysis of
the data material, meaning that the codes, categories, and themes are derived from the
data. The intent is to provide replicable and valid inferences from the material to develop a
contextual framework of PSF [131]. Analysis was performed both simultaneously and after
the completion of data collection. NVivo 12 was used to facilitate the analysis [130]. The
first author independently coded all the material, and the second author coded half the
material. Codes, sub-categories, categories, and themes were continuously discussed within

the research team until agreement was reached.
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4.4 Development and testing of FCIM (paper 3)

Paper 3 used a mixed-methods design with three iterative steps, following COSMIN
guidelines [36]. The aim was to develop a PSF PROM and assess its content validity,
structural validity, and internal consistency. The steps included item development, cognitive

interviews, and a cross-sectional survey.

4.4.1 Samples and settings

Expert panel: The expert panel consisted of seven people invited to participate by the first
author: three stroke researchers and clinicians, two researchers with expertise in PROMs,
and two user consultants. The panel met regularly in face-to-face or online meetings and

gave individual written comments on material provided by the first author.

Cognitive interviews: 15 stroke survivors were recruited from a stroke user organization in

Norway (invitations were sent via text messages and e-mails and posted on the user
organization’s Facebook page). Participants were purposively sampled to ensure variability
in age, gender, fatigue severity, and time since stroke. Inclusion and exclusion criteria were
the same as in paper 2; however, to get participants with varying levels of fatigue,
participants did not need to meet the diagnostic criteria for post-stroke fatigue defined by
Lynch et al. [35]. Seven interviews were conducted at Lovisenberg Diaconal Hospital and

eight in the homes of the participants.

Cross-sectional survey: A convenience sample of 169 stroke survivors completed a

guestionnaire that included our newly-developed PSF PROM. Participants was recruited
through a stroke user organization (invitations posted on Facebook and Instagram and sent
by e-mail). The inclusion criteria were self-reported stroke diagnosis and the ability to read

Norwegian.

4.4.2 Data collection and analysis
Expert panel: Following COSMIN guidelines, the definition of PSF and conceptual framework
established in our previous study served as the foundation for item development [36, 127].
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Initially, a comprehensive list of 160 potential items was generated, covering all categories
and sub-categories of the framework. Through detailed discussions, the list was reduced to
a feasible size and selected based on relevance, comprehensibility, and comprehensiveness
according to the conceptual framework [127]. As a result, we developed the Norwegian
Fatigue Characteristics and Interference Measure (FCIM) version 1.0, consisting of 32 items
and a definition of PSF. Five different fatigue levels were considered potentially clinically

relevant and gave rationale for using a Likert-scale scoring with five response options [36].

Cognitive interviews: The content validity of FCIM was then tested in cognitive interviews.

The audio-recorded interviews lasted between 24 to 92 minutes and followed a semi-
structured interview guide based on the Three-Step Test Interview technique, developed to
assess issues with new PROMs. First, the participants completed FCIM version 1.0 while
thinking aloud and were observed by the interviewer. Then, specific follow-up questions
were asked based on the observation. Finally, a debriefing was conducted to gather their
experiences and opinions on the instrument and the corresponding PSF definition [134]. The
first author conducted and transcribed all the interviews. In line with COSMINs and FDAs
guidelines, we used content analysis to assess the content validity of the PROM [36, 54].
Transcripts were transferred to NVivo 12 [130], and data were analyzed using deductive
content analysis, where data was categorized based on a theoretical framework [131]. Using
Tourangeau’s four-stage cognitive model (comprehension, retrieval, judgment, and
response), each item was analyzed separately in a categorization matrix [135]. We also
assessed item relevance and the overall comprehensiveness of the PROM [36]. After the
cognitive interviews, some items were deleted, revised, and flagged. Flagging indicated
issues with content validity, but the items were kept for further investigation in the Rasch

analysis. The changes led to the creation of FCIM version 2.0.

Cross-sectional survey: A web-based survey was performed to test the measurement

properties of FCIM further. Written consent was obtained electronically upon questionnaire
entry, dependent on participants using their electronic bank-id. Participants then responded
to FCIM version 2.0 in an online questionnaire suitable for use on the participant’s phone,

tablet, or computer. Responses were then transferred to Winsteps software (version
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5.2.0.0) for Rasch analysis. Rasch analysis models the probability of a person’s response to
an item using logistic transformation to convert ordinal PROM data to interval-level data.
This Rasch scale measures the underlying construct (e.g., fatigue), and both persons and
items are placed on the same hierarchical scale for direct comparison [56]. The construct is
measured in units called logits [136]. First, we analyzed how the rating scale functioned and
followed pre-set steps and criteria. Structural validity was assessed with infit unstandardized
mean square statistics (MNSQ), which indicates how well the responses to individual items
fit the model assumptions. Then, unidimensionality was assessed with a Principal
Components Analysis (PCA) of the residuals, aiming to detect unmodeled sources of
variation in the data [136, 137]. It is essential to point out that the assessment of
unidimensionality in Rasch analysis is statistical and not necessarily equivalent to conceptual
multidimensionality explored in qualitative studies [36]. Local dependency was tested with
Yen’s Q3 statistics and assesses whether the response to an item is associated with
responses to other items. Internal consistency was assessed with Kuder-Richardson Formula

20 (KR-20), an equivalent of Cronbach’s Alphas [136, 138].

4.5 Study variables and PROMs in papers 2 and 3

To provide background characteristics of the samples, the stroke survivors participating in
all three studies were asked to provide additional information regarding sociodemographic
variables, medical history, symptoms, and fatigue. Sociodemographic and medical history
questions are provided in Appendix 1. These variables are described in the following section,

and Table 2 summarizes the data collected in each study.

4.5.1 Sociodemographic data and stroke history

Sociodemographic data included age, gender, marital status, living arrangements,
education, pre- and post-stroke working status, and social support. Stroke history was
measured by self-report, and respondents were asked whether MR or CT scan confirmed
their diagnosis, aiming to provide data aligned with the prevailing ICD-10 classification of
ischemic or hemorrhagic stroke [33]. Data was also collected on time since the stroke, acute

stroke symptoms, previous history of stroke, and weekly rehabilitation services.
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The level of physical disability and need for help in daily activities was measured using the
Modified Rankin Scale (mRS), with scores ranging from 0 (no symptoms) to 6 (death). Self-
reliant individuals have mRS scores of 0-2 [139, 140]. During the individual interviews (paper
2), participants were asked questions about their acute stroke symptoms to determine a

retrospective acute phase mRS score.

Stroke-related speech disorders were assessed based on participants’ self-reported medical
history. Based on the self-report, the interviewer (paper 2) determined if aphasia was
present in the acute phase. In the cross-sectional survey (paper 3), participants were asked

to report any stroke-related speech disorder.

4.5.2 Fatigue

Clinically significant fatigue was assessed using the case definition for PSF developed by
Lynch et al. [35]. In a structured case interview, participants must meet all four criteria to
have clinically significant PSF: 1) report feelings that are consistent with experiences of
fatigue (rather than boredom or lack of motivation), 2) fatigue needs to be present nearly
every day for the past two weeks, 3) fatigue needs to be present more than 50% of waking
hours, and 4) fatigue must be experienced as a problem affecting daily activities. The case

definition has good face validity and convergent validity [35].

Fatigue interference was measured using the Fatigue Severity Scale (FSS-7). It measures
fatigue interference in the past week through 7 items rated on a seven-point Likert scale
(from strongly disagree to strongly agree) [87]. Scores are summarized, with a mean score
ranging from 1 (minimum) to 7 (maximum). The FSS-7 is a short form with better
measurement properties than the original FSS-9 and has been translated into Norwegian

[97, 118].

In paper 3, participants also responded to our newly-developed PSF PROM: Fatigue

Characteristics and Interference Measure (FCIM).
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4.5.3 Depression, cognitive functioning, and quality of life

Symptoms of anxiety and depression were measured using the Hospital Anxiety and
Depression Scale (HADS). It is a self-reported screening instrument consisting of two
subscales, HADS-A for anxiety and HADS-D for depression, each with seven items answered

on a four-point Likert scale. Total sum scores range from 0 to 42 points [141].

Cognitive function was assessed using the Montreal Cognitive Assessment (MoCA) tool, a
screening instrument developed to discriminate between dementia, mild cognitive
impairment, and healthy individuals [142]. The Montreal Cognitive Assessment screens
several cognitive domains, including executive function, which is often impaired after a
stroke. This screening tool has high sensitivity, specificity, and good predictive value for
post-stroke cognitive impairment [143]. The first author had prior training in conducting the

Montreal Cognitive Assessment and did the assessments.
Health-related quality of life was assessed using the EuroQol-Visual Analog Scale (EQ-VAS), a
subscale of the EuroQol five dimension scale (EQ-5D). EQ-VAS scores ranges from 0 (worst

possible) to 100 (best possible) health [144].

Table 2. List of variables included in the different studies.

Paper 2 Paper 3
Studies Interviews Focus groups Cognitive Cross-sectional
interviews survey

Sociodemographic variables X X X X
Stroke history X n/a X X
Modified Rankin Scale X n/a

Stroke-related speech disorders X n/a X
Case definition for fatigue X n/a

Fatigue Severity Scale X n/a X X
Fatigue Characteristics and Interference Measure n/a X X
Hospital Anxiety and Depression Scale X n/a

Montreal Cognitive Assessment X n/a

EQ-VAS X n/a

n/a: not applicable
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4.6 User involvement

Two user consultants with fatigue and a history of stroke have participated throughout all
the steps in this study. They were involved in proposal writing, development of the
interview guides, and the pilot interviews, discussed findings in paper 2 and served on the

expert panel in paper 3.

4.7 Ethics

This project was conducted following the Helsinki declaration and approved by the Regional
Committee for Medical Ethics, South-Eastern Norway (Reference 2016/1741). Informed
written consent was obtained from all participants. Study data is stored on secure servers,

at either Lovisenberg Diaconal Hospital (J: Forskning) or the University of Oslo, Services for

Sensitive Data (TSD).
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5.0 Main findings

5.1 Review of fatigue PROMs used in PSF research (paper 1)

A content analysis of the 156 items in the eleven PROMs in this study revealed 83 unique
items, reflecting four dimensions of fatigue; characteristics, severity, interference, and
management. These PROMs lacked items relevant to a stroke population, contained items
irrelevant to a stroke population, were not comprehensive, and had substantial variation

and differences in item content.

Only two PROMs measured the aspect of diurnal variation, with the Mental Fatigue Scale
(MFS) and Dutch Multifactorial Fatigue Scale (DMFS) each assessing this aspect with a single
item. None of the PROMs included items concerning pre-stroke fatigue, making it difficult to
determine whether fatigue symptoms are pre-existing or related to the stroke. Several
items were worded in a way that they did not directly relate to fatigue (e.g., “I have been

I”

forgetful” in the Modified Fatigue Impact Scale [145]) and did not include the word fatigue
in the item to specify its content. Figure 2 shows that 75% of the 83 items measure fatigue
interference or characteristics. Three instruments measure only fatigue quality: the Short
Form-36 Vitality (SF-36 Vitality), the Profile of Mood States-Fatigue (POMS), and the Visual
Analog Scale-Fatigue (VAS-F). Content overlap between PROMs is very low, and the three

most commonly-used instruments, the FSS, VAS-F, and SF-36 Vitality, share none of the

same items.
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Characteristics 22. Thinking Onset speed 63. Prevents sustained
Quality 23. Memory 44, Easily fatigued function
General Items 24, Less alert 45, Easily tired 64. Induces headache
1. Fatigued 25. Organizing thoughts 65. Body aches
2. Worn out 26. Coordination Recovery time
3. Sluggish 27. Attention 46. Long mental recovery Mental
4. Weary 28. Making decisions 47. Recover easily 66. Letting thoughts go
5. Sleepy 29. Conversations 48. Fatigued next day 67. Unable to think
6. Tired 30. Tired by emotions 49, Wake up rested 68. Makes mistakes
7. Energy 31. Noise-induced fatigue 69. Emotional tendency
8. Full of pep 32. Thinking-induced fatigue Interference 70. Speech problems
9. Rested Behavioral 71. Stress sensitivity
Diurnal variations 50. Duties 72. Light sensitivity
Physical items 33. 24-hour variations 51. Work, family, social life 73. Noise sensitivity
10. Exhausted 34. Fatigued in afternoon 52. Limited ability 74. Irritability
1. Feel weak . 53. Unable to go further 75. Low motivation
12. Physical condition Severity 54. Think | do little 76. Problems starting things
13. Physical capacity Fatigue impact 55, Get little done 77. Feel no desire
14, Exercise causes fatigue 35. Affects whole life 56. Few plans
15. Body strength 36. Serious complaint 57. Say things I regret Management
16, Heavy limbs 37. Complaints get worse 58, Other people notice Coping
17. Body unable to keep up 38. Suffer terribly 59. Need to rest 78. Let myself get tired out
18. Feel fit 39. Severe fatigue 60. Decreased sleep 79. Avoid overtiredness
19. Feel active 40. Tired every day 61. Increased sleep 80. Plan to rest
41. Bothered by fatigue 81. Finish tasks
Mental items 42, Causes problems Physical 82. Limit physical activity
20. Mentally exhausted 43. Most disabling symptom 62. Interferes with physical 83. Pace physical activity
21. Concentration function

Note. Each colored circle represents a PROM and each dot represents one item. We have analyzed all the items and categorized them in
dimensions (characteristics, severity, interference and management) and sub-dimensions.

Figure 2. The eleven PROMs contain 83 different items used to measure fatigue in stroke
survivors. The items are categorized into four dimensions. This figure is reprinted from
Skogestad et al. 2019 [146] with permission from Elsevier.
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5.2 Exploring PSF (paper 2)

The analysis of individual interviews (n=9) and focus groups (n=16) transcripts revealed four
themes illustrating the experience and descriptions of PSF: characteristics of PSF, interfering
and aggravating factors, management, and awareness of PSF (Figure 3). The characteristics
of PSF were further divided into five categories: quality, intensity, diurnal variations, long
restitution time, and invisibility. Participants reported that PSF was distinct from their pre-
stroke experience of tiredness and fatigue and was mainly described as mental, physical,
and general fatigue. PSF interfered with various aspects of daily life, such as emotions,
cognitive performance, activities in daily life (including physical activity), and social
participation. Furthermore, these activities could also aggravate or worsen fatigue
symptoms. To manage PSF, individuals employed a range of emotional and behavioral

strategies.
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Figure 3. Conceptual framework of post-stroke fatigue displaying the four themes and
corresponding categories, reprinted from Skogestad et al. 2021 [147] under the Creative
Commons CC BY license terms.

The health professionals viewed acute phase fatigue after a stroke as a normal phenomenon
and did not define it as PSF. The stroke survivors were not informed about PSF during
hospitalization, possibly leading to a delay in their understanding of the condition. This late
realization became known as PSF awareness. We also defined PSF as: “an experience of a
mental, physical, or general feeling of exhaustion and tiredness, with a discrepancy between
the level of activity and the level of fatigue. In individuals with a previous (pre-stroke)
history of fatigue, PSF should only be considered when the feeling of fatigue is substantially

different in its characteristics or severely increased in intensity” [147].

5.3 Development and testing of FCIM (paper 3)

5.3.1 Expert panel

The expert panel (n=7) created a list of 160 potential items that covered all dimensions and
sub-dimensions in our conceptual framework. Conceptually, “aggravating” and
“interference” were distinct sub-dimensions, and we developed several items to measure
each one. However, we found that the aggravating and interfering items were too similar
and unable to capture the conceptual difference between aggravating and interfering
factors. As a result, we decided only to include the interference items in our PROM. The
expert panel reduced the list of items and developed the initial version of the Norwegian
Fatigue Characteristics and Interference Measure (FCIM). FCIM version 1.0 consisted of our
PSF definition (from paper 2), a 10-item characteristics subscale, and a 20-item interference
subscale with a seven-day recall period. In addition, the FCIM included two pre-stroke
fatigue items. The characteristics subscale was developed for use at any time post-stroke,
whereas the interference subscale is not intended for use in the acute phase. The pre-stroke

fatigue items are only intended for the acute phase when recall is likely to be most accurate.

5.3.2 Cognitive interviews
The content validity of FCIM was tested in cognitive interviews (n=15). After the first ten
interviews, we found comprehension problems with the PSF definition. As a result, we
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simplified the wording to: “it is normal to feel tired during periods when you have a lot to
do, but being fatigued means that you are more tired than you would expect considering
what you have done.” In the subsequent five interviews, we did not detect any problems

comprehending the revised definition.

In the characteristics subscale, all items were comprehensible and relevant, indicating high
content validity. However, three items were flagged because they were similar to other
items. We detected comprehension and judgment problems with nine items in the
interference subscale. These items were revised before conducting the last five interviews.
The main change was moving the word “fatigue” from the end to the start of the item. In
addition, the pre-stroke fatigue items were moved from being the first two items of the
FCIM to being at the end of the instrument. After all 15 interviews were completed, two
interference items were removed because of lack of relevance, and two items in the
interference subscale were flagged due to problems with comprehension and judgment.
Overall, the instrument was described as providing a comprehensive assessment of PSF with
no redundant items. The cognitive interviews resulted in FCIM version 2.0 with an updated
PSF definition, ten characteristic items, 18 interference items, and two pre-stroke fatigue

items.

5.3.3 Rasch analysis

Responses from the cross-sectional survey (n=169) were subject to a Rasch analysis. Two
items in the characteristics subscale demonstrated poor fit to the Rasch model and were
removed. Two additional items were removed due to local dependency (these items were
previously flagged in the cognitive interviews). The Wright map shows that the subscale
captures all fatigue levels but might work best for low and medium levels of fatigue (Figure
4). Investigation of the interference subscale showed misfit in items 15 and 16; these items
were also locally dependent (Yens Q3 at 0.47) and removed. We removed two items due to
local dependency and two more because they had previously been flagged in the cognitive
interviews. The Wright map shows that the subscale works well across all fatigue levels

(Figure 5). The final 6-item characteristics subscale and the 12-item interference subscale
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were both unidimensional, and KR-20 was 0.86 and 0.94, respectively. Pearson correlation

between the 6-item characteristic subscale and 12-item interference subscale was r=0.77.
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Figure 4. Wright map displaying the 6-item characteristics subscale. The left side shows the
participants’ ability measures (based on their mean logits), presented by the total sample. The right
side shows the items’ difficulty calibrations by the maximum probabilities of observing each
category. The logits of the underlying Rasch model are presented on the right side, and both the
participants’ abilities (i.e., fatigue levels) and the item difficulties are spaced along this axis.
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Figure 5. Wright map displaying the 12-item interference subscale. The left side shows the
participants’ ability measures (based on their mean logits), presented by the total sample. The right
side shows the items’ difficulty calibrations by the maximum probabilities of observing each
category. The logits of the underlying Rasch model are presented on the right side, and both the
participants’ abilities (i.e., fatigue levels) and the item difficulties are spaced along this axis.
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6.0 Discussion

6.1 Methodological considerations

In this thesis, we used an exploratory sequential mixed-methods design, intending to
develop a PROM for PSF. PROM development guidelines clearly state the need for
gualitative and quantitative methods, as using both methods is necessary to establish
evidence for all measurement properties [36]. Using a mixed-methods design has the
advantage that qualitative and quantitative findings can complement each other and
capture essential details and different aspects of the phenomena under study [128]. A
challenge is using the findings and integrating the qualitative data to build the quantitative
measure and report this process in a trustworthy way [39, 128]. Trustworthiness is a crucial
criterion for research quality. It involves the concepts of credibility, dependability,
confirmability, and generalizability of findings [39]. The following section will discuss the
study’s trustworthiness in light of the main methodological considerations and how this may

affect the collection and analysis of data presented in this thesis.

6.1.1 PROM selection

The COSMIN guidelines for reviewing PROMs emphasize the inclusion of all available
instruments, not just the most widely-used ones [148]. Newly-developed PROMs, which
may adhere to quality standards, may not yet have gained widespread use despite their
potential benefits. In our review (paper 1), we included the most-used PROMs as well as
infrequently-used instruments that were partly developed or tested in a stroke population.
The Dutch Multifactor Fatigue Scale [116], Neurological Fatigue Index-Stroke [149], and
Profile of Mood States-Fatigue [103, 150] were only used in one or two prior studies but
were included because they potentially had high quality. The extensive systematic literature
search followed PRISMA guidelines [129] and identified studies relevant to our review. We
excluded 13 PROMs that were not tested in stroke survivors and were used in fewer than
four studies. Including these 13 instruments could have yielded interesting and possibly
differing results. However, the sample of 11 PROMs was considered adequate for providing

a concise yet comprehensive review of fatigue instruments used in a stroke population.
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6.1.2. Samples

Several decisions must be made regarding the sample when conducting a study. We drew
the samples from the stroke population in Norway, and the intent was to make some
inferences about the population based on the study results. Therefore, evaluating the

sampling strategy and sample sizes is crucial to assess the study's credibility [39].

COSMIN guidelines recommend maximum variation sampling for qualitative studies to
obtain rich, differing, and potentially contrasting perspectives [113, 127]. In both interview
studies (papers 2 and 3), we purposively sampled stroke survivors and included participants
with diverse demographic and clinical variables, including diverse experiences with PSF.
Despite the samples’ diversity, some common patterns emerged in the data that supported
the credibility and generalizability of the findings. PROM development guidelines also
address the importance of obtaining “buy-in” from all stakeholders (i.e., patients, clinicians,
and researchers) [27]. The advantage of including data from health professionals is that it
can provide a broader range of descriptions beyond individual experiences [39]. Thus, we
also conducted focus groups with health professionals (paper 2) and included researchers,
clinicians, and stroke survivors in our expert panel (paper 3). Collecting data from different
types of people is called person triangulation and aims to validate the data through multiple
perspectives [39]. Including different stakeholders can also affect the sample size needed to
achieve data saturation. Overall, including different perspectives adds to the credibility and

dependability of findings [39].

In qualitative studies, sample size is influenced by factors such as data quality and richness,
interview length, and research scope [39]. According to COSMIN guidelines, gaining sample
diversity and data saturation is of higher significance than the number of participants, and a
specific sample size is not required for conceptual framework development [127]. In paper
2, the participants had high fatigue levels and provided in-depth reflections about their
experiences. The interviews also covered all the topics in the interview guide and
participants gave detailed descriptions of their experiences. Both interview studies (papers 2
and 3) achieved data saturation through simultaneous data analysis and data collection

stopped when no new categories emerged. In cognitive interviews assessing the content
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validity of a PROM, a sample size of at least 7 participants is rated as very good [127]. Based
on these overall considerations, the sample sizes were considered sufficient for the two

interview studies [39].

In the cross-sectional survey (paper 3), we used a convenience sampling method, which
requires a few considerations. Nonprobability samples are less likely to represent the
population as compared to probability sampling [39]. Inviting participants via the internet
could indicate that participants had some specific characteristics. For example, participants
needed to sign the consent form using an “electronic bank-id,” and some contacted the
research team asking for help to complete this. As a result, people with low digital
competence were unlikely to be recruited. Digital competence is also inversely correlated
with age, which could at least partially explain why our digitally-competent sample was also
younger (median 52.4 years) than the stroke population in Norway (74.2 years) [17]. As a
result, the findings might be less generalizable to the elderly stroke population, and future
studies should aim to validate the FCIM in a more representative sample. Next, data from
the cross-sectional survey were subject to a Rasch analysis. A Rasch analysis converts the
ordinal data from the Likert scale responses to interval data (logits) presented on a
hierarchical scale [136]. Both persons and items are presented on the same scale. Rasch
analysis is a probability model, and the characteristics of the items are, in theory,
independent of the people responding to them [56]. These methodological underpinnings

make Rasch analysis less vulnerable to sampling biases than other statistical analyses [56].

The sample size for a Rasch analysis would ideally exceed 200 participants. However, a
sample of 169 respondents is considered adequate (100-199) for performing Rasch analysis
in general [148], and this sample size also surpasses the required minimum of 100 to

analyze internal consistency [148].

6.1.3 Data collection
Data collection in qualitative studies involves several important considerations. Reflexivity is
crucial and involves researchers reflecting critically on their competence and role in

knowledge development [39]. It is impossible to avoid personal "bias" altogether in
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qualitative research. As a result, researchers should provide detailed information regarding
personal factors and characteristics that might influence the data collection and analysis
[133]. A novice qualitative researcher is particularly vulnerable to unintentionally
influencing participants or not detecting and following up on vital perspectives during the
interviews [151]. To counter this, we conducted pilot interviews, and the interview
transcripts were thoroughly reviewed by experienced qualitative researchers focusing on

interview skills to enhance the credibility and confirmability of findings.

In all three studies involving stroke survivors (papers 2 and 3), we collected data on
sociodemographic variables, medical history, and symptoms assessed with different PROMs.
Describing sample characteristics is considered necessary in light of interpreting the findings
and the analytic generalizability of the study [39]. Despite substantial criticism of its
measurement properties, we assessed fatigue with the Fatigue Severity Scale (FSS). In our
gualitative studies, the FSS was only reported as a descriptive characteristic of the included
sample. In contrast, in the cross-sectional survey, the FSS was used to analyze differential
item functioning (DIF) in the responses to the FCIM. Not only is the FSS one of the few
fatigue measures available in Norwegian [97], it also has established scoring cut-offs for
different levels of fatigue [152], and dividing fatigue levels into groups was needed to
analyze DIFs [136]. This use of FSS, despite its deficiencies, presents the current paradox in
PSF research. The limitations of FSS highlight the need for new and improved PROMs, but

validating new instruments requires relying on old, low-quality PROMs.

6.1.4 Data analysis

When conducting reviews of existing PROMs, COSMIN guidelines advise that content validity
be rated based on prior studies reporting the PROMs’ development and assessment of their
measurement properties. In addition to the evidence from the literature, the reviewers can
establish an expert panel with patients to perform ratings of the PROMs’ content. Thus,
COSMIN’s content validity assessment for existing PROMs has two different analytical
approaches: review of existing literature AND ratings by an expert panel [127]. In our review
(paper 1), we did not evaluate existing studies on content validity. Content validity in these

PROMs is generally not assessed in a stroke population [104, 105], and there is scarce
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evidence of content validity studies to include in a review. In addition, a review of the few
existing studies has been conducted elsewhere [12, 105]. COSMIN guidelines suggests that
the expert panel (ideally including patients) assesses each PROM individually [36]. In our
review, we aimed to analyze the similarities and differences in item content across the 156
items in the 11 included PROMSs. Performing content analysis on the items can be
considered a more structured approach than usual content validity assessment [36] and
required extensive time and methodological competence. Thus including stroke survivors in

this analysis was not considered feasible.

A content analysis was also applied to the individual interviews and focus group transcripts
(paper 2) [131]. However, qualitative data can be analyzed following numerous approaches
[39]. Content analysis aims to give broad and condensed descriptions of the phenomenon
under study, and inductive content analysis is especially useful for developing a conceptual
framework [131]. Thus, this approach was well suited for analyzing the individual interviews
and focus groups. Content analysis can also be used in deductive analyses [131], which was
the rationale for applying content analysis to the cognitive interview transcripts (paper 3)
where the text segments were categorized into pre-defined categories. Qualitative analysis
has no universal rules or standard procedures, making it challenging to report the analytical
process [39]. To enhance the trustworthiness of our findings, both interview studies (papers
2 and 3) followed the widely-endorsed consolidated criteria for reporting qualitative

research (COREQ checklist) [133].

In the development of PROMs, different statistical analyses can be conducted to assess
structural validity and internal consistency [36]. Two widely-used approaches are classical
test theory (CTT) and item response theory (IRT), with Rasch analysis being one type of
analysis within IRT [39]. IRT is viewed as a more sophisticated and complex analysis than CTT
[56]. CTT assumes that each individual has a true score and that the observed score is a
reflection of this true score combined with random error. The analysis then focuses on
diminishing this error [153]. Within CTT, factor analysis is used to evaluate the statistical
dimensionality of a PROM. Factor analysis identifies clusters of items that can be grouped

and measure one underlying dimension of the construct [39]. In contrast, IRT analysis
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estimates the probability of responses and items placed on a specific point on the same
underlying hierarchical scale, as shown in Figures 4 and 5 (main findings, 5.3.3). The Rasch
model converts the ordinal data to interval-level data, and the scale for the FCIM ranges
from -4 to 6. The aim is to include items with different “difficulties” spread out over the
scale capturing all levels of fatigue from -4 to 6. Having items with various positions on the
scale enables a detailed estimation of a person’s difficulty level [136]. Rasch analysis
evaluates the fit of the data to the model one item at a time. Other IRT models evaluate the
global fit of all the items as one group and then accept or reject this model [56]. In our
study, it was most suitable to apply a Rasch analysis since the aim was item reduction and
selection of the items with the best fit to the model. To enhance the trustworthiness of

findings, we followed the Rasch reporting guideline for rehabilitation research [154].

6.1.5 Item selection with mixed-methods

In the PROM development process, we first established an initial list of 160 items which,
step by step, were reduced to a 20-item PROM. Supported by qualitative and quantitative
findings, we aimed to select items from the initial list with the highest methodological
quality. A critical discussion in mixed-methods research is whether one strand of findings
(i.e., qualitative or quantitative) should be prioritized over the other and how findings from

the two strands can be integrated [39].

In exploratory sequential mixed-methods designs, qualitative data is the starting point and
is commonly prioritized over quantitative data. The rationale is that little information about
the topic is known in advance [155]. This priority is also acknowledged in PROM
development guidelines such as COSMIN and FDA, where extensive documentation on
patient input based on qualitative data is vital to provide a comprehensive understanding of
the phenomena under study [54]. In this thesis, the qualitative findings were emphasized.
The development of the initial list of items and the reduction of this list to a PROM
containing 30 items (FCIM version 2.0) were based on qualitative findings. First, during the
analysis of the cross-sectional survey data, we used both qualitative and quantitative
analysis to support the decisions of which items to retain or remove from the final version

of the FCIM. The qualitative and quantitative findings were integrated during this process,

39



meaning that findings from both strands were used to support the analytical decisions. This
integration is often viewed as an essential part of mixed-methods research. A challenge can
occur if the findings are contradictory. Thus how the qualitative and quantitative findings

are used and integrated is important to discuss [39].

In the cross-sectional survey, 169 stroke survivors completed the FCIM. This data was first
investigated quantitatively, where we removed items based on findings from the Rasch
analysis. In cases where the quantitative findings alone did not provide conclusive results,
we based our decisions on qualitative findings from the cognitive interviews. In detail, items
1and 2,3 and 4, and 5 and 6, represented three item pairs containing the same content
with slightly different wording. Thus, we never intended to keep both items in these three
item pairs. In agreement with our theoretical understanding, the Rasch analysis showed that
these item pairs were locally dependent. We then used results from the cognitive interviews
to guide the decision about which items should be removed. In the cognitive interviews,
items 2, 4, and 6 had been flagged. Thus we decided to delete these items and keep items 1,
3, and 5. We also removed the two flagged items in the interference subscale (27 and 28).
Removing these items decreased the unexplained variance in the residual contrasts to
below the pre-set criteria for unidimensionality [136]. In sum, removing these five items
increased the overall measurement properties of the FCIM. This analytical process makes
explicit that inferences based on both qualitative and quantitative findings add to our
study's credibility, confirmability, and generalizability and is an example of the advantages

of a mixed-methods design [39, 128].

6.1.6 Analytic generalizability

The overall aim of this thesis was to develop a PROM that can be used to measure fatigue in
stroke survivors. Following PROM development guidelines, PSF was explored with
gualitative studies, and findings were used to inform later stages of item generation [36].
Inherent in this design lay the assumption that it is possible to generalize qualitative findings
and draw broad inferences based on a few observations [127]. However, generalizability in
qualitative research is complicated and controversial [39]. One strand argues that

gualitative research aims not to generalize but to explore multiple realities and provide
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detailed and in-depth descriptions of contextualized experiences. The other side argues that
qualitative research is well suited for extrapolation because it can develop higher-level
theories and reveal concepts relevant to most people [156]. We aimed to use the qualitative
findings to develop a conceptual framework of PSF, called analytic generalization [156]. To
assess the quality of our analytic generalization, several aspects of the analysis and

reporting of findings conducted in this thesis are relevant to address [39].

The analysis identified four overarching dimensions with corresponding categories that
were interpreted as not unique to the individual and thus suitable for use as a conceptual
framework for PROM development. Participants’ actual experiences within each category
could be different and contrasting, but all participants described, for example, diurnal
variation in their fatigue and that it interfered with activities in daily life. All participants also
described different management strategies. However, the specific strategies they used were
very different. Several aspects support the trustworthiness of this analysis and its analytic
generalizability: two researchers independently coded and analyzed the data, one of whom
was highly experienced, and including both stroke survivors and health professionals’
ensured validity by person triangulation. Data collection was conducted simultaneously with
data analysis, and data collection continued until no new categories emerged in the
additional data. Our findings from the explorative study were also in line with previous
qualitative studies of PSF, which adds to the credibility and trustworthiness of our study. In
addition, we followed reporting guidelines to ensure sufficient information in the paper to

enable the reader to judge the analytic generalizability of the findings.

Other strengths of this study were that we conducted the interviews and the cross-sectional
survey in different samples and that the findings from all three studies contributed to the
development and testing of the FCIM. This triangulation of methods also adds to the
trustworthiness of our analytic generalizability [39]. The FCIM was developed and tested in a
Norwegian-speaking sample. For the FCIM to be translated into other languages and used in
more culturally diverse samples, it needs cross-cultural validation following proper
guidelines [36]. Thus, the assessment of FCIMs measurement properties should be

considered a continuous process.
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6.1.7 Ethical considerations
Care must be taken to protect human rights when they are the source of knowledge
development. The Belmont Report divides ethical considerations in research into three

essential principles: beneficence, respect for human dignity, and justice [157].

The principle of beneficence in research imposes an obligation on researchers to minimize
harm and discomfort, even temporary discomfort [39]. In this study’s interviews with stroke
survivors, particularly attention was paid to the stress and fatigue the interview experience
might cause for the participants. The interviewer discussed this with participants in advance
and assured them that they could take a break or end the interview at any time. Several
participants requested a break, indicating that the interview was stressful, but also that they
understood their right to take a break. The interviewer also discussed in advance that
participating in this study would not be of specific help to the participant, but rather, would
produce benefits for future patients. However, afterward, several participants expressed
gratitude for and comfort with being able to talk about their situation and satisfaction that

their participation might help others in a similar situation.

The second important ethical principle is respect for human dignity. It involves treating
participants as autonomous people who can make voluntary decisions about participating in
a study and fully informing participants about the nature of the study and study
participation [157, 158]. To comply with these principles, we obtained all participants’

written informed consent (electronic or on paper).

Justice, the third principle in research ethics, involves the right to privacy [157]. Privacy is
vital and potentially challenging in qualitative research, where findings are reported by
presenting rich, detailed, and unique segments of interview transcripts. Despite the removal
of name, age, and other personal identifiers, contextual quotes can potentially identify
participants. Reporting findings with quotes requires careful consideration [159]. Thus, we
thoroughly considered each quote and did not include examples where detailed information

could lead to deductive disclosure of the participants.
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6.2 Discussion of main findings

In patient-centered healthcare, clinicians and regulators are increasingly interested in using
PROMs as an important outcome for healthcare decision-making on both individual and
population levels [160]. PROMSs can even serve as primary outcomes in clinical drug trials
assessing symptom treatment or as secondary outcomes helping to differentiate drugs with
similar survival rates [54, 161]. To rely on PROMs in decision-making, it is crucial to ensure
that they have strong measurement properties. The first step is to establish a clear
definition of the concept, a well-described conceptual framework, and evidence of content

validity. Only then can other measurement properties be evaluated [54, 112].

6.2.1 Conceptual definition of PSF

The understanding of fatigue can vary considerably among stakeholders (e.g., researchers,
clinicians, and stroke survivors). For this reason, it is vital to include a clear and precise
definition in the PROM in line with the guidelines of COSMIN and the FDA [36, 54]. Including
a definition will ensure that all users have a consistent understanding of the symptom and
can distinguish fatigue from related concepts, such as normal tiredness, and differentiate
between acute and chronic fatigue and pre- and post-stroke fatigue, which is vital for the

development of high-quality PROMs [36, 54].

We defined PSF as: “an experience of a mental, physical or a general feeling of exhaustion
and tiredness, with a discrepancy between the level of activity and the level of fatigue”
(paper 2). An important aspect of this PSF definition is the differentiation between 1)
normal tiredness after activity and 2) fatigue without preceding activity, which aligns with
the ICD-11 definition of fatigue [34]. During PROM development, conceptual definitions and
frameworks typically evolve, supported by subsequent qualitative data collection from
patients and other relevant stakeholders [36]. We evaluated our initial definition of PSF

through cognitive interviews (paper 3) and found that the initial version was long and
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challenging for the participants to understand. In contrast, the participants described the

revised and simpler version? as being easily understandable.

Commonly-used fatigue PROMs, such as the FSS [87], Fatigue Assessment Scale (FAS) [88],
and Checklist Individual Strength (CIS) [162], do not include a definition of fatigue in their
instrument. In paper 1, we found that these PROMs include several items that do not
contain the word fatigue, such as “l have enough energy for everyday life” [88] and “Do you
feel sleepy” [150]. Without clearly stating what the PROM intends to measure and why, it
can be difficult for users to understand that the intent is to measure fatigue and to
differentiate between concepts such as fatigue, lack of energy, and sleep disturbances. Such
response biases are a common issue in PROM responses [56]. The COSMIN methodology
emphasizes explicitly defining the measured symptom and related concepts to mitigate this

issue [36].

In the acute phase after a stroke, it is considered normal to be extremely exhausted (paper
2). The health professionals viewed tiredness during the acute phase after a stroke as
natural and temporary and did not define it as PSF. Several studies distinguish between
acute and chronic PSF, where PSF is defined as chronic when experienced more than six
months after a stroke [105, 163]. The stroke survivors in our study (paper 2) interpreted
acute phase fatigue as a normal reaction to being acutely ill. First, when fatigue persisted
after the initial phase, they became aware of PSF as a bothersome symptom. This awareness
of PSF is similar to previous qualitative studies, which found that most participants
experienced fatigue during hospitalization. However, the extent of fatigue and the impact
on role loss was mostly recognized sometime after discharge [43, 47]. To date, there is not
enough evidence to conclude whether acute phase fatigue (in the first 7 days after stroke)
should be defined as PSF or whether PSF only should be considered and measured when it
has lasted for a while and interferes with daily functions. However, it is necessary to note

that the impact of fatigue on daily activities is typically recognized only after the acute

1 Revised PSF definition included in the FCIM: “It is very normal to feel tired during periods when you have a lot
to do, but being fatigued means that you are more tired than you would expect considering what you have
done.”
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phase of a stroke. Therefore, measurement of fatigue interference should be focused on

later stages of post-stroke recovery.

The FSS, the most widely used fatigue PROM in stroke samples, mainly measures
interference. The FSS includes items such as “Fatigue interferes with my work, family or
social life” and “Fatigue interferes with carrying out certain duties and responsibilities” [87].
Some studies, such as Wang et al. [164, 165], have used the FSS in the acute phase. The
results of these studies need to be interpreted with caution since interference items might
be difficult to assess during the acute phase. An advantage of the FCIM is that it separates
characteristics and interference into two sub-dimensions (paper 3). Thus, we suggest that
the FCIM can be used both in the acute phase and in later stages of recovery, and that the
characteristics subscale specifically can be used at all stages, whereas the interference

subscale might only be relevant after the acute phase.

Differentiating PSF from pre-stroke fatigue is also a pertinent aim. Fatigue occurs in a wide
variety of diseases [32]. After a stroke, people may report fatigue that was also present
preceding their stroke, and it is unclear whether PSF and fatigue in other conditions share
similar underlying mechanisms [32]. In line with a qualitative meta-synthesis where stroke
survivors described PSF as a different type than fatigue occurring pre-stroke [98], we found
that PSF was described as a different feeling compared to prior experiences. Moreover, we
suggested that a PSF diagnosis should only be considered if the feeling of fatigue after a
stroke was substantially different or increased in intensity compared to before the stroke
(paper 2). Different causal mechanisms can potentially respond to different treatment
initiatives [38], and research might benefit from differentiating PSF from pre-stroke fatigue.
Based on prior knowledge, the expert panel decided to include two pre-stroke fatigue items
in the FCIM (paper 3). We recommend that these pre-stroke items only be measured in the
acute phase after a stroke, considering that a more extended recall period increases the

probability of recall bias [56].
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6.2.2 Conceptual framework of PSF

There is a consensus that PSF is a multidimensional concept [13, 28]. However, there is no
universal agreement on what constitutes the main dimensions of PSF or which dimensions
should be considered the most important. As a result, current fatigue PROMs measure
different fatigue dimensions and have substantial differences in item content, as reported in

paper 1.

In particular, there was little overlap in item content across the three most widely used
fatigue PROMs: the FSS, VAS-F, and SF-36 Vitality. Convergent validity studies (i.e., the
degree to which different instruments measuring the same concept produce similar results
[39]) generally show weak to moderate correlations between fatigue PROMs in a stroke
sample. If two instruments measure similar dimensions of a concept, a correlation
coefficient of 0.7 or higher would be expected [36]. However, correlations between FSS and
SF-36 Vitality [166], FSS and Lynch interview [61], FSS and Neurological Fatigue Index-stroke
subscales [115], and SF-36 Vitality and Fatigue Assessment Scale have been reported to be
between r=0.41 —0.62 [103]. In comparison, we found that the two subscales of the FCIM

were highly correlated, with r=0.77 (paper 3).

These moderate correlations in existing fatigue PROMs and the lack of content overlap
found in paper 1 suggests, at least, that the different PROMs measure different dimensions
of fatigue but also indicates that they might be measuring different concepts altogether. A
recent study explored PSF using three different fatigue instruments and found considerable
variability in identifying fatigue cases among stroke patients. This variability was attributed
to the three PROMs addressing different aspects of PSF [61]. Existing PROMs split fatigue
into dimensions in multiple different ways. For example, the Multidimensional Fatigue
Inventory-20 separates fatigue into mental fatigue, general fatigue, physical fatigue,
reduced activity, and reduced motivation [89]. In contrast, the FCIM separates the items
into characteristics and interference subscales. From a measurement perspective, it is
crucial to clearly articulate the conceptual framework that informs the dimensions and
related items rather than solely focusing on how items are grouped into different

dimensions [36].
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Several previous qualitative studies support our findings of PSF as a multidimensional
phenomenon. We found that PSF consisted of four themes; characteristics, aggravating and
interfering factors, management, and PSF awareness (paper 2). In agreement with our
findings, a qualitative meta-synthesis reported characteristics of PSF as a central theme,
where the participants described a lack of energy to perform activities and becoming quickly
tired, unpredictable feelings of fatigue, and that it was a complicated invisibility [55].
Previous studies have also described mental, physical, and general feelings of fatigue, as
well as diurnal variations [41, 53]. Other pervasive findings are the impacts of PSF on
cognitive functions, emotions, activities, and social life [40, 43, 44, 50, 52, 167], and a recent
study also described “trigger activities” in line with our findings of factors that could

aggravate the feeling of PSF [46].

The expert panel (paper 3) developed items based on the conceptual framework developed
in paper 2. COSMIN guidelines suggest incorporating aspects and dimensions in the
conceptual stage rather than finding out post hoc via factor analysis or other statistical tests
[36]. Thus, the expert panel divided the instrument into two dimensions: characteristics and
interference (paper 3). Assessment of interference has been seen as an important
dimension in other patient groups [168, 169], providing rationale for retaining the
interference items in our PROM. In hemodialysis patients, symptoms that were rated high in
intensity were not always accompanied by high interference ratings [168], illustrating the

importance of distinguishing between characteristics/intensity and interference.

We further identified that fatigue management involved a wide range of strategies,
consistent with previous research that addresses the need for different, flexible, and
individualized approaches to coping [40-43, 45, 46, 48, 55]. FDA points out the importance
of ensuring that all items are relevant to most of the patients in a study [54], and
considering that fatigue management is highly individual, the expert panel concluded that it
was challenging to develop an instrument including a wide range of different coping
strategies (paper 3). In addition, the aim was to develop a PROM suited for clinical research,

with the potential to measure improvement. Thus, management of fatigue was not
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considered the most relevant factor. This was supported by the content validity study,
where participants in the cognitive interviews (paper 3) judged the FCIM to be
comprehensive and inclusive of the most relevant items. In addition, a study investigating
five different subscales in a fatigue PROM found that “coping with fatigue” had very low
correlations with the other subscales (r= 0.08-0.15), indicating that coping might be a

distinct and different concept [116].

6.2.3 Content validity of fatigue PROMs

New and existing PROMSs need to have high content validity by including items that reflect
the construct they intend to measure. Evaluation of content validity includes assessing item
relevance, comprehensibility, and comprehensiveness of the PROM [36]. The FDA addresses
the importance of only including relevant items, as irrelevant items might result in a failure
to detect treatment effects (even if the treatment was effective) or problems with missing
responses [54]. In paper 1, we found that the 11 included fatigue PROMs lacked relevant
items, contained irrelevant or unspecific items, and needed to be more comprehensive.
Building on this knowledge, in addition to qualitative studies, we developed the FCIM,
aiming to meet higher standards for a PROM. Overall, FCIM version 2.0 had high content
validity (paper 3). To illustrate the importance of content validity, a discussion yielding
examples of similarities and differences between items in the FCIM and PROMs in the

review (paper 1) will follow in the next paragraphs.

The fatigue PROMs included in our review lacked crucial items, such as the assessment of
diurnal variations (paper 1). Changes in fatigue intensity during the day are essential to
assess for several reasons. First, in line with other qualitative studies [41, 53], we found that
PSF fluctuates throughout the day (paper 2). These diurnal variations have recently been
confirmed by a quantitative study comparing real-time fatigue assessments for six
consecutive days with retrospective FSS scores [170]. Second, this quantitative study also
found that individuals with similar total FSS scores demonstrated very different fatigue
patterns from day to day [170]. In a sample of HIV/AIDS patients, morning and evening
fatigue were found to occur in distinct daily patterns associated with different symptoms of

anxiety and depression [171]. In the FCIM, we included several items measuring diurnal
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variations that all had high content validity in the cognitive interviews (paper 3). The Wright
map (Figure 4) showed that fatigue in the morning (item 7) and noon (item 8) were the most
difficult items in the characteristics subscale, meaning that only stroke survivors with the
highest levels of fatigue were likely to select the highest response category, “almost always”
(category 5), on these items. Interestingly, fatigue in the afternoon (item 9) was the
“easiest” item, meaning that lower overall fatigue levels were needed to select the highest
response category on this item. Our findings indicate that afternoon fatigue might be more
prevalent than morning and noon fatigue, particularly in respondents with lower overall
fatigue levels. Cognitive interviews confirmed the content validity of these items, and the
ability to measure diurnal variations provided a detailed and comprehensive understanding

of stroke survivors fatigue levels.

Including irrelevant or unspecific items for measuring PSF could also negatively affect the
validity of results. Physical impairments are common in stroke survivors [20], and seven of
the 11 included PROMs contained items that coincide with this prevalent stroke sequela
(paper 1). These items can lead to measurement error in a stroke sample, and content
validity studies aim to minimize such biases [127]. For example, the Dutch Multifactorial
Fatigue Scale, developed to assess fatigue in patients after acquired brain injuries, includes
items such as: “I have a good physical condition” and “I feel physically fit” [116]. Using
physical condition as an indicator of fatigue in stroke survivors with physical impairments
can lead to inaccurate results, as the link between physical condition and fatigue may not be
clear. This example highlights the importance of conducting content validity studies to
ensure that the respondents understand the intended meaning of an item [172]. However,
it should be noted that fatigue seems to have a physical component. We found that PSF was
described as a physical sensation in the body and that fatigue often interfered with plans of
physical activity (paper 2), which is why we included items in the FCIM that specifically
address this aspect of fatigue. The precise wording of items is crucial, and even minor
variations in wording can impact the interpretation of an item and subsequent responses
[173]. Aiming to ensure a clear linkage to fatigue, we included the following items in the

FCIM: “did you feel physically fatigued” and “did you avoid physical activity because of
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fatigue”. Both items were found to be relevant and comprehensible from a content validity

perspective (paper 3).

Other problematic items we found in the review were related to mental characteristics in six
of the 11 PROM s (paper 1). Most of these items asked only about one specific cognitive
function, such as Neurological Fatigue Index-stroke, which included: “sometimes | really
have to concentrate on what are usually simple things” [115]. Considering mild cognitive
impairment and dementia are common after a stroke, such items are also ambiguous.
However, we found that fatigue can interfere with concentration, and deep concentration
can aggravate fatigue (paper 2). Thus, concentration and cognitive performance seem
related to the fatigue experience. In the FCIM, we included the item: “how often were you
so fatigued that you had problems concentrating”. In the first version of the FCIM, this item
had the word “fatigue” at the last end of the question. Moving the word “fatigue” from the
end to the start of the question seemed to more clearly link the item to fatigue and not only
to concentration difficulties. This finding implicates the importance of carefully wording the
items and assessing comprehension and relevance of the items in a content validity study
[36, 54]. Only after establishing content validity can other measurement properties, such as

structural validity and internal consistency, be assessed [36, 54].

6.2.4 Structural validity

Assessing the structural validity of a PROM using Rasch analysis involves evaluating the fit of
the item responses to the underlying theoretical model of the assessed construct. This
assessment helps ensure that the items in the PROM function as intended and measure a
single concept, known as unidimensionality. Evaluating the statistical unidimensionality of
the subscales also provides information regarding the quality of individual items. The
knowledge regarding the functioning of individual items can guide item reduction in a PROM
development process [36]. In paper 3, we tested the structural validity of each of the FCIM'’s
two subscales and removed several items that did not fit with the Rasch model. We verified
the statistical unidimensionality of the two subscales (characteristics and interference),

which is a prerequisite for interpreting internal consistency analysis [148].
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The quality of individual items in a Rasch analysis can be evaluated with infit MNSQ values.
A high infit MNSQ value means that the individual scores deviate from the Rasch model’s
expectation, which indicates randomness in the data and that the item is not functioning as
intended. Randomness is a serious threat to validity, and it is advised to delete items with
high MNSQ values [136, 137]. For example, item 15 (“fatigue interferes with taking a bath or
shower”) and item 16 (“fatigue interferes with getting dressed/undressed”) in the
interference subscale were removed due to a high MNSQ value exceeding our pre-set
criterion of <1.3 [174]. High MNSQ values suggests that people's responses are different
than predicted, which can imply that these items do not add to the same dimension [136].
After the removal of misfitting, flagged, and locally-dependent items, the two dimensions

were found to be unidimensional and displayed good evidence of structural validity.

Despite the importance of testing structural validity, only a few studies have investigated
this in fatigue PROMs used in stroke research [115, 116, 119]. A study investigating the FSS
found that two items in the FSS-9 had unacceptably high MNSQ values. The remaining seven
items had better measurement properties than the original FSS-9, and therefore, it is
recommended to use the 7-item version of the FSS. [118]. Despite this critical finding,
several PSF studies conducted after 2011 use the 9-item FSS-version [164, 175, 176]. The
Neurological Fatigue Index, initially developed for multiple sclerosis, had four subscales
(physical, cognitive, relief by sleep, and abnormal sleep). However, the two sleep scales
showed misfits and were omitted after evaluations in a stroke sample [115]. The Fatigue
Assessment Scale has 10 items on a scale meant to be unidimensional. However, a factor
analysis conducted in a stroke sample found that four of the items had low factor loadings
on the Fatigue Assessment Scale and instead loaded high on a corresponding depression
scale, indicating that these items were measuring depression instead of fatigue [119].
Structural validity assessment evaluates whether the scores are a good reflection of the
concept it intends to measure. It is fundamental to establish this underlying structure before

assessing internal consistency (i.e., the level of correlation between items) [36].
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6.2.5 Internal consistency

High internal consistency means that the answers to individual items in a PROM correlate
highly with every other item. Internal consistency of a PROM is commonly reported with
Cronbach’s alpha. It is essential to note that Cronbach’s alpha does not test whether the
individual items are influenced by one or several concepts, i.e., it is not a measure of the
dimensionality of a PROM. Instruments consisting of items representing several concepts
can obtain a high Cronbach’s alpha. Thus, statistical unidimensionality is a prerequisite for
correctly interpreting internal consistency analysis [36, 110]. In the analysis of the FCIM, we
found that KR-20 (Cronbach’s alpha equivalent) was 0.86 for the characteristics subscale and
0.94 for the interference subscale. Since unidimensionality is a criterion for providing a
meaningful Cronbach’s alpha [36], only Cronbach’s alphas for each scale were presented. A
Cronbach’s alpha between 0.7-0.8 is considered acceptable, and 0.8-0.9 is good [56]. Very
high values, generally considered at 0.95 or higher, might indicate redundant items due to
the high correlations between items. However, Cronbach’s alpha depends on the number of
items in a scale, and very high values are often found in PROMs with many items [110]. The
Cronbach’s alpha for the characteristic subscale is good. However, the Cronbach’s alpha for
the interference subscale is very close to the highest acceptable level, indicating possibly
redundant items. On the other hand, findings from the cognitive interviews did not indicate
item redundancy, which provides a good rationale for keeping all items in the final 12-item
interference subscale. In sum, both FCIM subscales were considered to have good internal

consistency.

6.2.6 Additional measurement properties

It is necessary to conduct several studies on the FCIM’s measurement properties before
using it in a clinical study. Ideally, this thesis would include such subsequent studies.
However, one of the challenges of a mixed-methods design is its resource implications. It
requires considerable time to plan, conduct and analyze several sequential data sets [155].
We have followed COSMIN’s guidelines which advise evaluating measurement properties in
a specific order. First is content validity establishment, followed by an assessment of
structural validity and internal consistency [148]. The next step is to document further

evidence of construct validity, responsiveness, and test-retest reliability [36].
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7.0 Conclusions

In this thesis, we found that existing fatigue PROMs used in stroke populations have
significant shortcomings and do not comply with the best practice guidelines and high
standards set by regulators. As a result, we developed a new PROM specifically targeted for
measuring PSF. The FCIM was developed based on a clear definition and a conceptual
framework of PSF. Further, we found that the FCIM has good content validity, structural

validity, and internal consistency.

7.1 Implications for clinical practice

The development of FCIM and findings from this thesis has the potential to impact clinical
practice and improve patient outcomes. The FCIM can provide a more accurate and
comprehensive assessment of PSF compared to existing measures. The use of PROMs in
patient care can help to empower patients, assist clinical decision-making and track patient
progress [177]. By allowing patients to provide direct feedback, FCIM can help health
professionals to better understand the patient’s needs and tailor their treatment and
rehabilitation plans, taking into account their specific symptoms and experiences with PSF.
After proper translation into English, we would also advocate for FCIM’s international

recognition as a standard of best practice.

We discovered low content validity and limited overlap in items among existing fatigue
PROMs. These drawbacks highlights the need for caution when selecting a fatigue
instrument. It is crucial to carefully consider the intended use of the PROM and choose one
that is appropriate for the specific purpose. For example, if the goal is to monitor changes in
an individual over time, it is important to choose an instrument that is responsive to change.
On the other hand, if the aim is to assess management strategies, an instrument including
such items must be used. Widely used PROMs, such as the FSS, may be helpful if the aim is
to compare results between populations or samples. Our review offers a thorough
examination of item content and dimensions in existing PROMs, and this can enable
clinicians to make well-informed choices about the appropriate instrument for their

requirements.
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Health professionals in this study considered acute phase fatigue to be a typical response to
stroke and did not classify it as PSF. However, stroke survivors reported experiencing fatigue
from the onset of their stroke, but their awareness of PSF only became apparent after
discharge. The pooled prevalence rate of PSF is around 50% [57, 58]. Despite this, the
participants in our study were not provided with information about PSF during the acute
stage. Based on the findings from our study, stroke survivors should be informed of PSF
during hospitalization, along with potential management strategies and follow-up routines.
Knowledge of PSF could enable stroke survivors to be better prepared to cope with PSF and

potentially develop more effective management strategies from the outset.

7.2 Implications for future studies

Our review of PROMSs can help interpret research about PSF. By highlighting the different
dimensions and aspects of PSF being assessed by various PROMs, it provides a framework
for understanding the findings of different studies. This framework can provide insight into
inconsistencies in the literature and give a clearer picture of the current state of knowledge
of PSF. Additionally, by providing insight into the strengths and limitations of different
PROMs, this review can inform future research and help ensure that studies are designed to

lead to more accurate and meaningful results.

The next step is to evaluate the FCIM’s construct validity, responsiveness, and test-retest
reliability. In addition, we need to validate the instrument cross-culturally in an English-
speaking sample. Our findings also open several new avenues for future research. Using
FCIM in longitudinal studies can examine changes in fatigue characteristics (intensity) and
interference over time and their relationship to recovery and rehabilitation outcomes.
Another interesting area to explore is the impact of pre-stroke fatigue on PSF and recovery.
Moreover, identifying subtypes of PSF, such as physical versus mental fatigue and different
diurnal patterns, and examining the factors contributing to these subtypes can provide
essential insights. In addition, if the FCIM proves to be responsive to change, it could be
used in targeted intervention studies to reduce PSF and potentially support labeling claims

in drug therapy developments.
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Introduction: Post-stroke fatigue (PSF) is a highly prevalent and disabling condition. A major obstacle in PSF
research is the lack of consensus on how to assess and diagnose fatigue after stroke. A wide variety of patient
reported outcome measures (PROMs) are currently being used, none of which are developed specifically for
stroke patients. The objectives of this study are to evaluate content validity in individual fatigue PROMs, and to
identify similarities and differences through cross-comparison of PROMs.

Methods: We used a novel mixed-methods approach to evaluate content validity in fatigue PROMs. First, we
performed a qualitative content analysis of items in eleven fatigue PROMs used in stroke populations, and then
we used descriptive statistics and a similarity coefficient to investigate similarities and differences across in-
struments.

Results: The analysis of 156 items in eleven PROMs revealed 83 different items each representing a distinct
attribute of fatigue. The results show that currently used fatigue PROMs omit important PSF-specific items, do
not take into account the multidimensional nature of PSF and lack content overlap.

Summary: The wide variety of items and lack of overlap between fatigue PROMs illuminates the need for re-
searchers to report why a specific PROM was used. PROMs that capture the specific experiences of patients with
PSF are also needed to advance research on PSF and its etiology and treatment.

1. Introduction

selection of PROMs is often based on psychometric testing such as
evaluation of internal structure, reliability and responsiveness [11].

Post-stroke fatigue (PSF) affects 50% of stroke survivors. This dis-
abling condition has negative impacts on patients' rehabilitation,
functioning and return to work [1-4]. PSF is often described as a feeling
of physical or mental exhaustion, which may develop in connection
with routine activities, following an acute stroke [5,6]. Despite recent
efforts, no effective PSF treatment exists [7]. Lack of consensus on how
to assess and diagnose fatigue after stroke is a major obstacle in PSF
research [8]. Currently, PSF researchers and clinicians use a wide
variety of patient reported outcome measures (PROMs), none of which
are developed specifically for stroke [9,10].

Despite evidence that PSF is a multidimensional phenomenon, this
is generally not reflected in the PROMs used in research [8]. The

* Corresponding author at: Lovisenberggata 17, N-0456 Oslo, Norway.

Based on this limited evidence, researchers conclude that the instru-
ments are valid and reliable. However, testing of validity and reliability
involves evaluation of a multitude of measurement properties. The first,
and the one with most clinical impact, is content validity [12-14].
Content validity is an assessment of whether the content of PROMs
reflects the construct that is to be measured, and refers to the relevance,
comprehensiveness and comprehensibility of PROMs in relation to the
construct, target population and context of use [13]. To achieve accu-
rate interpretations of research results related to PSF, it is essential that
PROM:s include stroke-relevant items and cover relevant PSF dimen-
sions [11]. There are three major concerns regarding item content when
assessing PSF with a PROM not developed specifically for stroke
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survivors. First, the PROM is likely to include items that are irrelevant
for a stroke population. Second, the PROM might fail to identify issues
that are a specific feature of PSF [15]. Third, items often refer to the
impact of fatigue on physical functioning and participation in everyday
activities, not considering that these dimensions might be directly
limited by other stroke sequela, thus conflating the fatigue scores [10].
Item content can affect all other measurement properties. Irrelevant
items may reduce internal consistency, structural validity, and inter-
pretability of PROMs. Missing dimensions may reduce validity and re-
sponsiveness [15]. In addition, the use of different PROMs across stu-
dies might affect the generalizability and replicability of PSF research
[16].

Based on the lack of a stroke-specific instrument to measure PSF, the
overall aims of this study are to explore the item relevance, missing
items and comprehensiveness in dimensions of PROMs used in PSF
research, and to identify similarities and differences through cross-
comparison of PROMs.

2. Methods

We performed a systematic literature search to identify all studies
using PROMs to assess PSF. We then applied a mixed-methods approach
in order to analyze the selected PROMs individually and to do a cross-
comparison of items, sub-dimensions and dimensions [17].

2.1. Data collection

2.1.1. Search strategy

The systematic literature search was based on PRISMA-guidelines
and performed in Medline, EMBASE, Cinahl and PsychINFO up to May
24, 2018. We developed the search strategy and conducted the search
in collaboration with specialized research librarians. Search terms
contained words equivalent to stroke, fatigue and rehabilitation
(Supplemental Table I). There were no limitations regarding publica-
tion date, but we only included studies in English, Norwegian, Danish
or Swedish.

2.1.2. Eligibility criteria

We included studies of individuals with stroke (both first incidence
or recurrent, ischemic or hemorrhagic) that had PSF as a primary
outcome, and studies testing psychometric properties of fatigue PROMs
in a stroke population. Since the search intent was to investigate the
frequency of use of different fatigue PROMs, all study designs (except
reviews) were included. We defined the following exclusion criteria:
lack of primary data, duplicate studies, < 50% of the study sample af-
fected by stroke, lack of recognized fatigue PROMs, conference ab-
stracts, case reports, and studies not available in full text [12]. In ad-
dition, we considered relevant studies from reference lists of the
included studies and major PSF reviews. The first author (IJS) scruti-
nized the titles, abstracts, and full-text articles and considered inclusion
based on the above-mentioned criteria. This resulted in 78 included
studies (Fig. 1) that used 24 different PROMs for measuring fatigue
(Supplemental Table II).

2.1.3. Selection of PROMs

The 24 different PROMs were used in anywhere from one to 39
studies on PSF. Eight PROMs were used in five or more studies and the
rest were used in three studies or less. Given the aim to analyze the
most commonly used PROMs in a stroke population, the research group
(IJS, MK and AL) decided to set the inclusion cut-off at PROMs used in
five studies or more. This resulted in inclusion of Fatigue Severity Scale
[FSS] [18], Visual Analog Scale-Fatigue [VAS-F], Short Form-36 Vi-
tality [SF-36 Vitality] [19], Checklist Individual Strength Fatigue Sub-
scale [CIS] [20], Fatigue Assessment Scale [FAS] [21], Multi-
dimensional Fatigue Inventory [MFI-20] [22], Mental Fatigue Scale
[MFS] [23], and Modified Fatigue Impact Scale [M-FIS] [24]. In
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addition, we chose to include Profile of Mood States-Fatigue [POMS]
[25], Neurological Fatigue Index-Stroke [NFI-Stroke] [26], and Dutch
Multifactorial Fatigue Scale [DMFS] [27], as these PROMs were partly
developed or tested in a stroke population [27-29]. This resulted in
eleven PROMs included in the final analysis.

2.2. Qualitative data analysis

The eleven PROMs and affiliated items were subject to a qualitative
content analysis [30,31], consisting of two stages: data preparation and
organizing of data [32].

2.2.1. Preparation of data

The eleven PROMs contained a total of 156 items (i.e. questions),
ranging from one to 38 items in each of the separate PROMSs
(Supplemental Table III). We analyzed the items, but not the scoring
method (Supplemental Table III), as this was beyond the scope of this
study. NVivo (Version 11.4.1.1064) was used to keep track of the
analysis [33].

2.2.2. Organizing of data

This second stage consisted of analyzing and comparing items, or-
ganizing items into sub-dimensions, and identifying overarching di-
mensions. The first step in this inductive analytical process included
reading and re-reading all PROMs separately to get a sense of each
instrument in its entirety. Then all 156 items were compared to each
other and classified in two different ways; as single items (meaning no
other items were similar to that specific item) or similar items (this in-
cluded items that were either identical in wording or had substantially
the same meaning). E.g. “Physically, I feel in a good shape” and
“Physically, I feel I am in excellent condition” were interpreted as similar
items having the same substantial meaning, whereas the following
borderline case “My muscles have felt weak” and “Sometimes I lose my
body strength” were interpreted as different items because they lack a
common concept. Studies have shown that even small differences in the
items used, i.e. asking individuals to state if they feel “fatigued” vs.
“lack of energy” may lead to considerable heterogeneity in prevalence
rates [34]. Thus, in order to group items as similar, they had to feature
very comparable content. Despite some analytical challenges, most
single items had substantial differences such as “I can follow conversa-
tions without getting tired” and “I have had difficulties making decisions”.

After comparison and classification of the total 156 items, the
analysis resulted in 83 unique items, each representing a distinct at-
tribute of fatigue. The 83 items were organized into sub-dimensions,
and then we identified four central dimensions (Supplemental Fig. I). In
order to display all items in Fig. 2, the items were given shortened
names (e.g., “I feel rested” was called “rested”). Despite presentation of
the analysis as a linear process, the analysis was iterative and we went
back and forth in the analytical process. The analysis was conducted
independently by IJS and MK and was continuously discussed in the
research group until agreement was reached.

2.3. Statistics

Results from the qualitative analysis of items, sub-dimensions and
dimensions were quantified and presented with descriptive statistics.
Based on the analysis of items as either single or similar (0 or 1), we
estimated statistical content overlap between PROMs using the Jaccard
Index (i.e. Jaccard similarity coefficient). This is a method for com-
paring the similarity and diversity of sample sets and is defined as the
size of the intersection divided by the size of the union of sample sets
(i.e. the number of shared items divided by the total number of items in
any two PROMs) [35].
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Fig. 1. Flow chart of literature search and inclusion of studies [50].

3. Results

Analysis of the eleven PROMs included in this study revealed 83
unique items. We found four item dimensions and each dimension had
sub-dimensions (Fig. 2). The dimension characteristics appeared early in
the analysis, and involves typical attributes related to fatigue awareness
and perception. Two sub-dimensions were identified: quality and
diurnal variations. Quality was further organized into three groups:
“general” items measuring the patient's overall feelings/condition (e.g.
fatigued, tiredness and level of energy), “physical” items related to the
state of the body (e.g. weak, fit, body strength), and “mental” items
measuring cognitive functioning (e.g. concentration, thinking, co-
ordination). Several of the “physical” and “mental” items are not di-
rectly related to fatigue (e.g. physically, I feel I am in excellent condi-
tion, and I have been forgetful). Diurnal variations include items
measuring timing of fatigue (e.g. I get fatigued in the afternoon), and
are considered a part of the characteristics dimension as it may describe
individual fatigue patterns.

The severity dimension involves items related to the degree to which
fatigue is bothering a person and to the intensity of fatigue. This di-
mension has three sub-dimensions. Impact measures how much suf-
fering fatigue causes for the person (e.g. serious complaint, severe fa-
tigue, bothered by fatigue). Onset speed includes items measuring how
easily tired and fatigued a patient is and is related to severity because it
describes the degree of vulnerability to reduced capacity. Onset speed is
not considered to be a defining attribute of fatigue, and thus does not fit
within the characteristics dimension.Recovery time includes items
measuring the possibility and time needed to regain restoration. This

relates to severity because a long recovery time might reflect how ser-
iously one's condition is affected.

The interference dimension has three sub-dimensions.Behavioral in-
terference items measure general activities that are affected when fa-
tigued (e.g. hinders duties, do little, increased sleep). Physical inter-
ference items relate to how fatigue affects one's physical condition (e.g.,
fatigue prevents sustained physical functioning, body aches when fati-
gued). These items explicitly measure physical reactions during fatigue,
and differ from the physical items under the quality sub-dimension of
characteristics since those items reflect physical functioning as a part of
the overall feeling or characteristics of fatigue (e.g. “fatigue interferes
with physical function” vs. “physically, I feel I am in a good condition”).
Mental interference items measure mental function when fatigued (e.g.
cannot think when fatigued, make mistakes when fatigued). Items
measuring sensitivity to stress, light and sound, as well as lack of mo-
tivation are considered part of mental interference.

The fourth dimension contains items related to management of fa-
tigue and has one sub-dimension, coping, which measures how the
patient deals with their fatigue (e.g. by avoiding overtiredness, plan-
ning to rest, and limiting physical activities).

Of the 83 items, 75% were categorized as either characteristics or
interference, and 66% appear only in one PROM (Table 1). The most-
used PROMs (FSS, VAS-F and SF-36 Vitality) cover only a few dimen-
sions. Most items in FSS measure interference, and VAS-F and SF-
36 Vitality only measure quality (Table 2). The majority of all items in
this study are classified in the quality sub-dimension or the interference
dimension (Table 1). MFS and DMFS are the only PROMs that include
an item about diurnal variations of fatigue (Table 2). None of the
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63. Prevents sustained
function

64. Induces headache

65. Body aches

Mental

66. Letting thoughts go
67. Unable to think

68. Makes mistakes

69. Emotional tendency
70. Speech problems
71. Stress sensitivity
72. Light sensitivity

73. Noise sensitivity

74. Irritability

75. Low motivation

76. Problems starting things
77. Feel no desire

Management

Coping

78. Let myself get tired out
79. Avoid overtiredness
80. Plan to rest

81. Finish tasks

82. Limit physical activity
83. Pace physical activity

Note. Each colored circle represents a PROM and each dot represents one item. We have analyzed all the items and categorized them in
dimensions (characteristics, severity, interference and management) and sub-dimensions.

Fig. 2. Distribution of 83 different items in eleven fatigue PROMs used to measure fatigue in stroke survivors. Organized in relation to four fatigue dimensions.
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Table 1
Number and percentage of items (n = 83) appearing in each dimension and
sub-dimension and in one or more PROMs.

Dimension Number of items % of items

Sub-dimension

Characteristics 34 41%
Quality 32 39%
General 9 11%
Physical 10 12%
Mental 13 16%
Diurnal variations 2 2%
Severity 15 18%
Fatigue impact 9 11%
Onset speed 2 2%
Recovery time 4 5%
Interference 28 34%
Behavioral 12 14%
Physical 4 5%
Mental 12 14%
Management 6 7%
Coping 6 7%
Number of PROMs containing each item
1 55 66%
2 18 22%
3 5 6%
4 4 5%
6 1 1%

Note. Percentages calculated based on the 83 unique fatigue items identified
through the qualitative analysis as displayed in Fig. 3.

PROMs in this study contain items on pre-stroke fatigue or a compre-
hensive assessment of diurnal variations, fatigue trajectory or ag-
gravating factors (Table 2), which may have implications for manage-
ment of PSF [2]. In total, this indicates a lack of multidimensionality
among the fatigue PROMs in this study.

There is considerable lack of content overlap between PROMs, and
the three most commonly used PROMs (FSS, VAS-F and SF-36 Vitality)
do not overlap at all with each other (Table 3). FSS does not overlap
with other PROMs except for the DMFS (38 items). MFI-20 has the
highest degree of overlap with other PROMs, with 33% overlap with
CIS and 27% overlap with FAS (Table 3).

4. Discussion

This study shows that the most commonly used PSF PROMs do not
address potentially relevant aspects specific to PSF, such as diurnal
variations and pre-stroke fatigue, do not account for the multi-
dimensional nature of PSF and lack content overlap. Our analysis

Table 2
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suggests that these PSF PROMs have important limitations, which
might impair further progress in PSF research and patient care.

The analysis revealed 83 unique fatigue-related items in eleven
PROMs used in stroke research. We classified the items in four main
dimensions covering different fatigue-related aspects. Despite the con-
sensus that fatigue is a multidimensional phenomenon [36-38], the
three most widely used PROMs in PSF research (FSS, VAS-F, and SF-36
Vitality) mainly assess fatigue characteristics or interference. One pre-
vious study on PSF PROMs considered FSS to have insufficient face
validity [28], and it is unclear why FSS remains the preferred PROM in
stroke research.

One of the core characteristics of the experience of PSF is the un-
predictability of when and why fatigue occurs [39]. Fatigue is not a
constant symptom, but fluctuates throughout the day [2,40]. However,
only two PROMs in this study had included this dimension, having one
item each measuring diurnal variations. These two items lack specific
details needed to investigate possible fluctuations, such as percent of
fatigue during a typical day or week, as suggested in the Lynch case
definition of post-stroke fatigue [41].

Most PROM: in this study, such as the FSS, were developed based on
expert opinion and theory, and designed for conditions other than
stroke. Many items in these PROMs refer to factors that are often di-
rectly limited by the stroke. For example, most items in the group
“physical” (Fig. 2) under the quality sub-dimension are examples of
normal physical stroke sequela (e.g. feel weak and low physical capa-
city), and these items are indistinguishable from the general con-
sequences of the stroke and might bias the results [10,28].

The considerable lack of item overlap between the PROMs of post-
stroke fatigue showed in this study, may affect the replicability and
generalizability of PSF research. Current PSF research yields incon-
sistent findings regarding prevalence rates and associated factors, such
as depression, anxiety, cognitive functioning, pain, sleep problems, le-
sion location, and co-morbidities [1,7,34,42]. Falconer et al. found
significant variation in the prevalence of PSF depending on the PROMs
and items used for detecting it, which could partly be explained by
differences in terminology and descriptors used to assess fatigue [34].

Knowledge on the etiology of PSF is limited [38], but some studies
report associations between PSF and biological as well as im-
munological factors [43]. Given the hypothesis that PSF is caused by
cerebrovascular pathology, it would be of interest to discern pre-stroke
fatigue conditions from PSF in order to elaborate our etiological un-
derstanding of PSF [2,44]. However, the PROMs in this study have no
items measuring pre-stroke fatigue. Only a few previous studies have
included pre-stroke fatigue assessment [45,46], and found that that
27-31% of stroke survivors reported having fatigue before their stroke
[45,47-48]. In further studies it could be of relevance to distinguish

Distribution of items in each PROM organized into fatigue dimensions and sub-dimensions, % (n).

Characteristics Severity Interference Management Total number of items, N

PROM Quality Diurnal variations  Fatigue impact Onset speed Recovery time Behavioral Physical Mental Coping

FSS 11% (1) 0% (0) 22% (2) 11% (1) 0% (0) 22% (2) 22% (2) 11% (1) 0% (0) 9
VAS-F 100% (1) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 1
SF-36V 100% (4) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 4
CIS 86% (6) 0% (0) 0% (0) 14% (1) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 7¢
FAS 50% (5) 0% (0) 10% (1) 10% (1) 0% (0) 10% (1) 0% (0) 20% (2) 0% (0) 10
MFI-20 61% (8) 0% (0) 0% (0) 8% (1) 0% (0) 23% (3) 0% (0) 8% (1) 0% (0) 13°
MFS 33% (5) 7% (1) 0% (0) 0% (0) 7% (1) 13% (2) 0% (0) 40% (6) 0% (0) 15
M-FIS 68% (11) 0% (0) 0% (0) 0% (0) 0% (0) 13% (2) 0% (0) 6% (1) 13% (2) 16"
POMS 100% (6) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 6
NFI-Stroke  67% (8) 0% (0) 8% (1) 8% (1) 0% (0) 8% (1) 0% (0) 8% (1) 0% (0) 12
DMFS 26% (9) 3% (1) 20% (7) 0% (0) 9% (3) 14% (5) 6% (2) 11% (4 11% (4 35"

Note. Table showing the percentage and number (n) of items in each PROM measuring the different fatigue dimensions and sub-dimensions.
@ This PROM contains items that were determined in the qualitative analysis to be similar, and thus, the total number of unique items in each instrument in this

table is less than in the original version of the instrument.
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Table 3

Overlap of items as measured by the Jaccard index for eleven PROMs.
PROM FSS VAS-F SF-36 V CIS* FAS MFI-20" MFS M-FIS* POMS NFI-Stroke DMFS*
FSS 1.000 .000 .000 .000 .000 .000 .000 .042 .000 .000 .048
VAS-F .000 1.000 .000 .000 .000 .000 .067 .000 .167 .000 .000
SF-36V .000 .000 1.000 .100 .077 .063 .000 .000 .250 .000 .026
CIS* .000 .000 .100 1.000 133 .333 .000 .095 .083 118 .050
FAS .000 .000 .077 133 1.000 .278 .190 .083 .000 .100 .071
MFI-20" .000 .000 .063 .333 .278 1.000 .077 .160 .056 .136 .067
MFS .000 .067 .000 .000 .190 .077 1.000 .107 .050 .038 .042
M-FIS* .042 .000 .000 .095 .083 .160 .107 1.000 .000 .167 .063
POMS .000 .167 .250 .083 .000 .056 .050 .000 1.000 .000 .000
NFI-Stroke .000 .000 .000 118 .100 .136 .038 .167 .000 1.000 .093
DMFS* .048 .000 .026 .050 .071 .067 .042 .063 .000 .093 1.000

Note: The Jaccard index measures similarity between two sets of data with a range from 0 (no overlap) to 1 (total overlap), and is calculated as the number of shared
items divided by the total number of items in any two PROMs. The PROMs are arranged by the most used to the least used instrument.

@ This PROM contains items that were determined in the qualitative analysis to be similar, and thus, the total number of unique items in each instrument in this
table is less than in the original version of the instrument (i.e. CIS 7 items, MFI-20 13 items, M-FIS 16 items and DMFS 35 items).

pre-stroke fatigue from PSF. However, potential recall bias and re-
sponse shift might influence the validity of PROM answers if the recall
interval is lengthy, thus collecting pre-stroke data is only advisable in
the acute phase after stroke [49].

There are some limitations to this study. First, we analyzed a se-
lected group of fatigue PROMs. Inclusion of other PROMs could have
yielded a different result. However, we believe that the inclusion cri-
teria cover the most relevant PROMs, as we only included the most
commonly used fatigue PROMs, or those at least partly developed for a
stroke population. Second, during the analysis of items there were some
borderline cases, such as whether single or similar refer to different fa-
cets of fatigue and accordingly should be classified as separate items.
We carefully discussed how conservative this part of the analysis should
be. Generally, we chose to classify items as similar rather than different.
Thus, if anything, the results overestimate, rather than underestimate,
the homogeneity and overlap between the PROMs.

5. Summary

The wide variety of PROMs and dimensions used to assess PSF de-
monstrates lack of consensus regarding what needs to be assessed when
diagnosing and measuring fatigue in stroke populations. Studies on PSF
should report why they used a particular fatigue PROM, and what di-
mension of fatigue they intended to measure (characteristics, severity,
interference and/or management). In order to move the research on the
etiology of PSF forward, PROMs that capture the relevant experiences
of patients with PSF are needed.
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Abstract

Background: Post-stroke fatigue (PSF) is commonly reported and described as disabling by patients recovering

from stroke. However, a major challenge is how to accurately diagnose and assess PSF. Therefore, the aim of this
study was to explore PSF as it is experienced by stroke survivors and described by health professionals to guide

future development of a PSF-specific PROM.

Methods: Individual semi-structured interviews were conducted with stroke survivors experiencing PSF (n =9) and
three focus groups were conducted with health professionals (n = 16). Data were analyzed through inductive
content analysis.

Results: The analysis revealed four themes illustrating the experience and descriptions of PSF: 1) PSF characteristics,
2) interfering and aggravating factors, 3) management, and 4) PSF awareness, which refers to stroke survivors first
becoming aware of PSF after their initial hospital admission.

Conclusion: This study highlights the complexity and multidimensionality of PSF. The results from this study will
guide future development of a PSF-PROM and support its content validity.

Keywords: Fatigue, Stroke, Rehabilitation, Qualitative research, Patient-reported outcome measure

Introduction

Post-stroke fatigue (PSF) is one of the most common
symptoms 3 months after stroke [1] and can have nega-
tive implications for patients’ rehabilitation, physical
function, activities in daily life, and quality of life [2—4].
Despite the high prevalence (25-85%) [5] and disabling
nature, evidence-based interventions to prevent and treat
PSE are currently lacking [6]. A major challenge is to
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achieve accurate diagnostics of PSF, a prerequisite for
the development of novel preventive and therapeutic
measures [7].

PSF can be defined as lack of energy, or increased
need to rest, every day or nearly every day, leading to
difficulties partaking in everyday activities [8]. The diag-
nosis of PSF is traditionally based on patient-reported
outcome measures (PROMs). However, a recent review
showed that the PROMs most commonly used to meas-
ure fatigue in stroke survivors have several limitations
[9]. This is in line with a previous review, which did not
find any fatigue PROM that met critical criteria for an
ideal instrument [10]. Moreover, existing fatigue PROMs
mostly include only one or two fatigue dimensions, such

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41687-021-00307-z&domain=pdf
http://orcid.org/0000-0001-8252-258X
http://creativecommons.org/licenses/by/4.0/
mailto:ingridjohansen.skogestad@lds.no

Skogestad et al. Journal of Patient-Reported Outcomes (2021) 5:35

as the intensity or impact of fatigue, and do not assess
other potentially relevant dimensions of the fatigue ex-
perience [9]. In addition, existing fatigue PROMs are not
developed specifically for stroke survivors [11]. The
former shortcomings of these fatigue PROMs may partly
be explained by the lack of involvement of patients and
health professionals in the instrument development
process [9], which is strongly recommended in guide-
lines [12, 13] and often a part of the health technology
assessment for medicinal product approval and reim-
bursement [14, 15].

Although relatively few qualitative studies have been
published on PSF, they consistently describe fatigue
as having several dimensions [16]. This includes core
characteristics of PSF [16], different factors contribut-
ing to fatigue [17, 18], and various aspects of daily
life affected by fatigue [19]. However, previous quali-
tative studies have not aimed to guide item develop-
ment in a new PSF-specific PROM. Qualitative
studies, through interviews or focus groups, are the
preferred method to establish content validity in new
PROMs [20]. Qualitative studies have the advantage
of being able to directly engage with the experts, who
can provide a comprehensive understanding of the
construct to be measured. Experts include both pa-
tients and health professionals. Patients have the
symptom experience, and health professionals have
clinical experience treating these patients and can de-
scribe typical characteristics, consequences and man-
agement of the symptom [13, 20-24]. A qualitative
study will provide a deeper understanding of PSF,
how it impacts life, and management strategies, which
is critical to addressing the limitations of existing fa-
tigue PROMs and informing the content and struc-
ture of a PROM specifically developed to measure
PSE.

The overall aim of this study was to explore PSF as it
is experienced by stroke survivors and described by
health professionals to guide future development of a
new PSF-specific PROM.

Methods

Design

In this qualitative study, individual semi-structured in-
terviews were conducted with stroke survivors with PSF
and multi-disciplinary focus groups with health profes-
sionals who provide clinical care to stroke patients. This
study was conducted in Norway as part of a larger re-
search project, which includes three sub-studies with the
overall aim of developing and testing a new PROM for
PSE. This study has followed COSMIN criteria for estab-
lishing content validity in PROMs [13], as well as the
COREQ checklist for qualitative studies (Online resource
1) [25].
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Participants

Stroke survivors

Nine stroke survivors were included in this study. The
inclusion criteria were: (1) stroke within the last 2 years,
(2) 18 years or older, and (3) meeting the diagnostic cri-
teria for PSF as defined by a clinical interview [8]. For
the first criterion, all types of stroke were included, as
defined by the International Classification of Diseases
10th edition (ICD-10) [26] and included codes for ische-
mic stroke (I63), non-traumatic intracerebral haemor-
rhage (I61), and stroke, not specified as haemorrhage or
infarction (I64). The time period of stroke within the last
2 years was chosen because the level of post-stroke fa-
tigue has previously been shown to remain constant for
up to 2 years [27]. A purposive sampling strategy was
used and aimed to recruit participants with diversity in
age, gender, physical impairment, communication disor-
ders and living accommodations. As these demographic
and clinical variables may influence patients’ PSF experi-
ences, such a purposive sampling strategy was intended
to provide different perspectives and descriptions of PSF
[23, 24]. Five stroke participants were recruited through
a Facebook page for a stroke user organization, and four
participants were recruited from the stroke outpatient
clinic at a hospital in Oslo, Norway. Additional informa-
tion is provided in the COREQ checklist including sam-
pling strategy, study design, analysis and research team
(Online resource 1).

Heath professionals

A total of 16 health professionals participated in 3 focus
groups. All health professionals were involved in the
clinical care of stroke patients, and recruited from differ-
ent levels of health care services and from different disci-
plines. Participants with varied ages, genders, professions
and years of clinical experience were recruited to obtain
diverse perspectives on PSF.

Data collection

The first author conducted all the interviews and focus
groups, and a co-author co-moderated the focus groups,
observing and taking notes. Based on the study’s aim
and previous literature reviews [2, 16], an interview
guide was developed to ask: 1) how PSF is described
from the perspective of stroke survivors, 2) what it is like
to live with PSF, from the perspectives of both stroke
survivors (based on personal experience) and health pro-
fessionals (based on clinical observation), and 3) how
PSF is managed by stroke survivors and by health pro-
fessionals (Online resource 2).

Most interviews and focus groups lasted 60—80 min,
while one interview lasted 45 min. All interviews and
focus groups were audio-recorded and transcribed ver-
batim by the first author. Reflection notes were made
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immediately after completing each interview/focus
group, which aimed to describe contextual information
as well as immediate reflections on the data. In addition
to interviews, we obtained the following data from the
stroke survivors: demographics, stroke characteristics
and clinical outcome, modified Rankin Scale (MRS) [28],
fatigue (Fatigue Severity Scale [FSS]) [29], depression
and anxiety (Hospital Anxiety and Depression Scale
[HADS]) [30, 31], cognitive function (Montreal Cogni-
tive Assessment [MOCA]) [32], and health-related qual-
ity of life (EuroQol five dimension scale [EQ-5D]) [33,
34]. Focus group participants answered questionnaires
about their age, gender, profession, and years of experi-
ence with stroke.

Data analysis

Methods for inductive content analysis were applied
with the aim to identify, analyse and report themes and
categories of stroke survivors’ experiences and health
professionals’ descriptions of PSF [35, 36]. The analysis
included reading, open coding, organizing and abstract-
ing codes into sub-categories, categories and themes,
and reporting the results. Data collection and analysis
occurred simultaneously as an iterative process. The de-
cision to stop data collection was based on a compre-
hensive evaluation including considerations of the study
aim, interview quality and when analysis revealed no
new categories in the additional data [35, 37].

Upon completion of each interview, transcripts were
imported to NVIVO (v.11), a qualitative data analysis
software used to enhance efficiency and transparency in
the analytical process [38]. Analysis of the two popula-
tions was done separately and was combined for report-
ing the results. The transcripts were read and re-read
several times to get a sense of the whole material. The
coding process started after conducting the first three
interviews and continued consecutively throughout the
process of data collection and analysis. First, the material
was coded by its manifest content, i.e. the level of inter-
pretation and abstraction was low at this point. The ana-
lytical units in each transcript were given one or more
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their content and formed sub-categories and categories.
These categories were first formed separately within
each transcript, before further analyses of these categor-
ies across the data material in each of the two popula-
tions. This method allowed for transparency in the
process of finding major and minor categories, patterns
between categories, and similarities and differences
across the stroke survivors and health professionals. All
of the sub-categories were abstracted to categories,
which further represented four themes. Examples are
presented in Table 1.

Questionnaire data were summarized using descriptive
statistics (i.e., frequencies, medians, ranges) to describe
the characteristics of participating stroke survivors and
health professionals.

Ethical considerations

The study was approved by the Regional Medical and
Health Ethics Committee of Southeastern Norway
(REK), with reference [reference removed due to blind-
ing]. All participants received written information about
the study, gave written consent and were informed about
their ability to withdraw from the study at any time be-
fore publication of results.

Results

Analysis of the data material revealed four themes that
illustrate the experiences and descriptions of PSF: char-
acteristics, interference and aggravating factors, manage-
ment, and PSF awareness (Fig. 1). Results from the
individual interviews with stroke survivors and from the
focus groups with health professionals were mostly con-
sistent, and focus group findings are only reported when
they contributed additional information. Characteristics
of the 9 participating stroke survivors are summarized in
Table 2 and characteristics of the 16 participating health
professionals are summarized in Table 3.

Characteristics of PSF
In the data material from both stroke survivors and
health professionals, PSF was described as a complex

individual codes. All codes were grouped according to and multifactorial phenomenon. For the theme
Table 1 Analysis, examples of themes, categories, sub-categories and codes

Theme Categories Sub-categories Code

Characteristics Quality Mental fatigue Mentally exhausted

Interference and aggravating factors Cognitive performance

Not physically tired

Head feels heavy

Communication difficulties when fatigued
Concentration difficulties when fatigued
Fatigued by decision-making

Prolonged attention induces fatigue
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Fig. 1 Conceptual model of post-stroke fatigue, including themes and categories. PSF has different characteristics that affected how PSF
interfered with patients’ lives. These interfering and aggravating factors had to be managed, and the use of management strategies could again
influence the characteristics of PSF and whether or how PSF continued to interfere with their lives. Fatigue was initially interpreted as a normal
reaction to having a stroke, and stroke survivors first became aware of PSF sometime after their initial hospital admission

characteristics of PSF five categories were identified:
quality, intensity, diurnal variations, restitution time,
and invisibility (Fig. 1).

Perceptions of PSF varied between the stroke survi-
vors, and different descriptions of fatigue quality in-
cluded three sub-categories: mental fatigue, physical
fatigue, and general fatigue. Some described feeling men-
tally fatigued, whereas for others, fatigue presented itself
physically as a bodily sensation. However, most used
general terms, such as:

“I need to rest my head, I get exhausted in my head, and
then I also become tired in my body.” (Participant 4)

“I have not done anything other than just sit still [
... ] It is not really tiredness either, it is just a com-
pletely different experience, not tired and not sleepy,
but a combination of those two, but in a COM-
PLETELY different way than before the stroke.” (Par-
ticipant 7)

The intensity of fatigue spanned from total exhaus-
tion that prevented the stroke survivors from com-
pleting ordinary duties, to manageable fatigue. The

stroke survivors also experienced diurnal variations
of fatigue. Most had days or times during a day
without fatigue, and some of them described waking
up refreshed, whereas others were fatigued in the
morning. The stroke survivors described different
patterns of diurnal variations, but a common feature
was that the levels of fatigue varied throughout the
day. The stroke survivors could also have days or
weeks of feeling better or worse. These diurnal and
periodic variations of fatigue were a prominent
characterization of their experiences.

“It [fatigue] is bad in the morning, but then it gets
better. It is usually best at mid-day, and then early
afternoon it is a dead break [ ... | and in the evening

. every evening it is just as if I have used all the en-
ergy [ ... ] then I am very tired...” (Participant 7)

When the stroke survivors experienced fatigue, they
needed long restitution time. The actual recovery time
needed varied, but in general, longer restitution time
was needed after the stroke. They further described
how PSF was invisible and that other people had dif-
ficulties recognizing their fatigue:
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Table 2 Demographics, clinical characteristics and health-related quality of life of the stroke survivors with PSF (individual interview
participants)

Stroke Survivor Characteristics n Median (range)
Time since stroke, in months 21 (3-24)
3-8 months 4
20-24 months 5
Age in years’ 9 59 (23-80)
Gender
Male (female) 45

Living arrangements

Living with a partner 6

Living with children or other family member 2

Living alone 1
Residence

Urban area 5

Rural area 4
Education

Upper secondary education 3

Higher education < 4 years 3

Higher education 2= 4 years 3

Work status

Pre-stroke
Full time work/studies (100%) 5
Retired 4

Post-stroke

Disability leave (100%) 2
Partial sick leave (50% — 70%) 3
Retired 4

ICD-10 Classification®
Non-traumatic intracerebral hemorrhage (I61) 3
Cerebral infarction (163) 6
Degree of disability at stroke onset (mRS)“
Moderate severe disability (mRS 4) 1
Moderate disability (mRS 3) 1

Slight disability (mRS 2) 5

No significant disability (mRS 1) 2
Communication disorder at stroke onset”

Aphasia (self-reported) 4

Normal speech 5

Living situation (at the time of the interview)
Dependent living (assistance provided) 1
Independent living (no assistance provided) 8
Rehabilitation services (at the time of the interview)®
Physiotherapy (weekly) 3
None 6
Fatigue (FS57)" 64 (4.7-7)
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Table 2 Demographics, clinical characteristics and health-related quality of life of the stroke survivors with PSF (individual interview

participants) (Continued)

Stroke Survivor Characteristics n Median (range)
Severe fatigue (FSS 2 5) 7
Moderate fatigue (FSS =4-4.9) 2

Depression and anxiety (HADS total score)® 20 (9-23)
Likely case of depression and/or anxiety (HADS 219) 5
Possible case of depression and/or anxiety (HADS 15-18) 2
Normal symptoms of depression and anxiety (HADS < 15) 2

MoCA" 26 (22-29)
Mild cognitive impairment (MoCA 18-25) 4
No cognitive impairment (MoCA 226) 5

Self-reported health EQ-VAS' 9 40 (30-80)

? The individual ages of the participants were: 23-54 - 54 - 55 - 59 - 74 - 76 - 79 - 80

b The ICD-10 classification is based on the participants retrospective self-report (n=5) or collected from their medical record (n = 4)

€ MRS Modified Rankin Scale measures the degree of stroke impairment or dependence in daily activities. Scores can range from no symptoms (0) to death (6).
MRS in this study was rated by IJS, based on retrospective self-report (n =5) or medical records (n = 4) [28]

4 Communication disorder at stroke onset was based on self-report. None of the participants had significant aphasia at the time of the interview

¢ None of the participants received any other rehabilitation services at the time of the interview such as occupational therapy, speech-language therapy etc.
fFss7 Fatigue Severity Scale 7-item version is scored on a 7-point scale ranging from strongly disagree (1) to strongly agree (7). An individual mean score of >5
indicates severe fatigue, score 4-4.9 indicates moderate fatigue, and score < 4 indicates no/mild fatigue [29]

9 HADS Hospital Anxiety and Depression Scale is a screening instrument developed to identify depression and anxiety in medical patients. HADS total score > 19
indicates a case of depression and anxiety, a score between 15 and 18 indicates a possible case, and scores below 15 indicates no symptoms of depression or

anxiety [30, 31]

" MoCA Montreal Cognitive Assessment is a screening instrument developed to detect mild cognitive impairment. Scores over 25 indicate normal cognition and
scores between 18 and 25 indicate mild cognitive impairment [32]. In stroke patients, normal scores range 20-27 during the chronic post-stroke phase [39]
' EQ-VAS assesses overall health-related quality of life, ranging from worst possible (0) to best possible (100) health [33]. Mean EQ-VAS score in a Norwegian general

population sample is 77.9 (SD =19.5) [34]

“It is my level of energy ... the invisible complaints that
are a challenge [ ... | I look quite well, but I have been
sick and I am still marked by that ... ” (Participant 3)

The stroke survivors also had difficulties finding appro-
priate words to describe PSF to others and to explain
how their fatigue was distinct from regular tiredness.

Table 3 Background characteristics of health professionals
(focus group participants)

Health Professional Characteristics Median (range)

Age 485 (26-58)
Years of experience with stroke patients 15.5 (3-32)
n
Gender
Male (female) 79
Place of work
Stroke unit at a local hospital 6
Stroke rehabilitation hospital 5
Community home care
Profession
Physiotherapist 5
Occupational therapist 5
Nurse 3
Speech therapist, physician, clinical psychologist 3

This invisibility of PSF constituted the final category of
PSF characteristics.

Interfering and aggravating factors

The stroke survivors described how fatigue interfered
with their lives and how different factors aggravated fa-
tigue. Four categories of interfering and aggravating fac-
tors were identified: emotions, cognitive performance,
activities in daily life, and participation in society. Hav-
ing fatigue interfered with all these aspects of their lives,
and in addition, different factors in all four categories
could aggravate their fatigue.

PSF also affected the stroke survivors’ emotions.
Having an acute stroke was a frightening experience
for the stroke survivors, and the continuous presence
of fatigue after the stroke perpetuated their percep-
tion of feeling unwell. This contradicted the stroke
survivors’ understanding of their stroke as a one-time
incident from which they had fully or mostly recov-
ered. The stroke survivors also lacked motivation,
worried that people would perceive them as lazy and
experienced sadness related to how fatigue interfered
with their lives:

“l have to say that it is quite depressing. Several
times, like after that Sunday, I thought: Do you know
what? Now you have been wasting a whole day on
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nothing. Nothing, you have not done anything.” (Par-
ticipant 2)

Frustration with being fatigued was also described by
the health professionals:

“It takes time [to understand that they are fatigued]
and it is a test of patience that is difficult for the pa-
tients to accept. They get really frustrated because
they are so tired.” (Focus group 3)

While having fatigue interferes with their emotions, the
stroke survivors also described that experiencing irrita-
tion or sadness could also trigger or aggravate fatigue.

Having fatigue also interfered with stroke survivors’
cognitive performance. During periods of fatigue, the
stroke survivors experienced difficulties in communicat-
ing, interacting socially, concentrating and maintaining
attention. The stroke survivors further described that at-
tempts to concentrate on a task, make decisions, and
sustain attention towards a subject could often aggravate
the fatigue. Health professionals reported that cogni-
tively demanding rehabilitation activities, such as hand
training, often resulted in patients getting excessively
fatigued:

“Previously a lot of patients performed physical ac-
tivities regularly, but now they get tired in a com-
pletely different way. Performing upper limb
rehabilitation ... it is not a lot of repetitions before
they get mentally exhausted, because they really
need to concentrate and keep focusing.” (Focus
group 2)

PSF also interfered with the ability to perform regular
activities in daily life, such as activities outside the
home, household chores or sustained activities without
rest, and even getting dressed or taking a shower in ex-
treme instances. These activities in daily life were also
reported to aggravate fatigue.

PSF interference with activities was further compli-
cated by both the intensity and the diurnal variations of
fatigue, leading to difficulties with anticipating their day-
to-day capacity. This unpredictability was described as
an essential and problematic consequence of having fa-
tigue, and made life with PSF more challenging to
manage:

“And also, when you have something that you need
to do ... you don’t know when it [fatigue] will come
or if you will get tired from things.” (Participant 2)

The stroke survivors described that fatigue in general
was an obstacle for them to participate in society. Stroke
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survivors of working age all reported that they worked
less, or not at all, due to their fatigue. Being social, en-
gaging in hobbies, and keeping in contact with friends
and family were experienced as difficult due to fatigue.

“It don’t have the same energy to be with them [my
family] [ ... ] Before, we used to babysit our grand-
children [ ... ] but now, I don’t at all have the cap-
acity to do the nice things anymore, and that’s too
bad ... ” (Participant 7)

Management

Both stroke survivors and health professionals described
a continuous process of trying to find a balance and
adapting to life with PSE. The stroke survivors gradually
learned to recognize PSF characteristics, how PSF inter-
fered with their life and its aggravating factors. The
health professionals in this study described how they ob-
served, advised and supported this process. Two differ-
ent management strategies were identified: emotional
and behavioural strategies.

Both stroke survivors and health professionals de-
scribed different emotional strategies. Sometime after
their stroke, the stroke survivors acknowledged that fa-
tigue was part of their life and accepted that they had to
adjust accordingly. Some also tried to ignore fatigue, and
carried out activities despite knowing that participating
would induce severe fatigue. The health professionals
underlined the importance of patients needing to experi-
ence on their own how fatigue affected them, and that
this was important in accepting the new situation:

“They are used to having a lot of energy and sud-
denly they don’t. And I see that several patients need
to go through everything a couple of times, where
they get really fatigued, until they start prioritizing,
and understand that this is how things need to be.”
(Focus group 2)

The stroke survivors described different behavioural
strategies aimed at either preventing or relieving fatigue.
Preventive strategies included limiting the activities per-
formed, prioritizing, planning, structuring the days, rest-
ing in advance and seeking information.

“It is a delicate balance between activities and rest.
If I overdo it ... sometimes I feel very good, and then
I get on with training, but then mostly the next day
and even the day after is ruined.” (Participant 1)

The health professionals helped the patients to acknow-
ledge their fatigue, advised them not to spend all their
energy at once and helped them to find a balance be-
tween activities and rest:
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“I try to put on the breaks sometimes, because some
of them are very eager [ ... ] I advise them to take a
break, this is a marathon, not a sprint.” (Focus
group 1)

To relieve fatigue, both stroke survivors and health
professionals reported different strategies such as with-
drawing from a situation, resting, and sleeping. For some
stroke survivors, resting involved sitting still and solving
a crossword puzzle (physical rest), some needed rest in a
dark and quiet room devoid of stimulus (mental rest),
whereas others described a combination of both these
resting strategies.

PSF awareness

Both stroke survivors and health professionals inter-
preted fatigue in the early phase as a normal reaction to
being acutely ill. Later in the rehabilitation phase, de-
pending on when they recovered from other stroke se-
quelae, the stroke survivors expected to return to their
pre-stroke level of energy. However, when their fatigue
did not resolve, their awareness of PSF became gradually
evident. The health professionals reported that most
stroke survivors were exhausted and tired in the early
phase, but they did not define it as PSF, as fatigue during
this stage was perceived as temporary:

“We don’t call it fatigue in the acute phase, that’s
more after a while when we can see how the damage
manifests itself, because it is natural to be very tired
and exhausted in the beginning.” (Focus group 3)

Both stroke survivors and health professionals described
PSF as evident when fatigue started to be in conflict with
the patient’s and society’s expectations of performance,
often occurring after their initial hospitalization due to
their stroke.

“When I came home from rehab ... I was supposed
to start doing things, inviting people and being so-
cial, things that I love to do. Then I did not have en-
ergy to do the things I did before. [ ... | we have this
tradition inviting a lot of people. I was looking for-
ward to it. But I was SO tired, and I did not under-
stand it. I just sat there crying, 1 can’t do this, we
have to call everybody and cancel.” (Participant 5)

Discussion

In this study exploring the PSF experiences of stroke
survivors and PSF descriptions by health professionals,
four themes were identified: PSF characteristics, interfer-
ence and aggravating factors, management, and PSF
awareness. PSF was described as an experience of men-
tal, physical or general feeling of exhaustion and
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tiredness, with a discrepancy between the level of activity
and the level of fatigue. PSF interfered with, and was ag-
gravated by, emotions, cognitive performance, activities
in daily life and participation in society. To manage PSF,
both emotional and behavioral strategies were used. It
took time before patients were aware of PSF, and it often
became evident when fatigue resulted in inability to
carry out expected daily activities.

Themes and categories of PSF

The first theme, characteristics of PSF, contained five
categories important for the characterization of PSF. In
line with previous studies [18, 40], quality was described
as mental, physical, and general fatigue. Likewise, the di-
urnal variations in fatigue intensity found in this study
are in agreement with previous studies on PSF [18]. Fur-
ther, intensity of and diurnal variations in PSF have also
been found to be distinct from fatigue in other chronic
conditions, such as multiple sclerosis [41]. Despite these
prevalent findings, existing fatigue PROMs mostly lack
items on quality subtypes and diurnal variations [9].
Interestingly, stroke survivors in this study experienced
fatigue despite being in good physical condition, sup-
porting a previous review that found no association be-
tween PSF and physical fitness [42]. In contrast, several
existing fatigue PROMs include impaired physical condi-
tion as an indicator of fatigue. However, these fatigue
PROMs are not developed or designed specifically to as-
sess fatigue in a stroke population [9]. This emphasizes
the problems of using a generic PROM to assess PSF
and suggests that assessment of PSF requires a disease-
specific PROM, which is currently not available.

Another theme of PSF in this study was interfering
and aggravating factors. This included the categories:
emotions, cognitive performance, activities in daily life
and participation in society. Previous studies have shown
that PSF leads to frustration and emotional disturbances
[17], interferes with cognition [43], and also impacts ac-
tivities at a social, family and community level [17, 19].

The third theme of PSF was management, including
emotional and behavioral strategies. Accepting fatigue
and adjusting expectations, applying energy-conservation
strategies and resting both in advance of and after activ-
ity, as well as being physically active and receiving sup-
port from others have been previously described as
strategies for managing PSF [16, 18, 19, 43]. Although
limited evidence exists on the effectiveness of different
management strategies, improved assessment and identi-
fication of such strategies will enable future studies to
compare their effectiveness.

Diagnostic criteria and PSF awareness
A major limitation of existing fatigue PROMs is the lack
of clear diagnostic criteria. The stroke survivors in this
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study experienced fatigue in the early phase after stroke,
similar to observations made by health professionals.
Both stroke survivors and health professionals described
how PSF interfered with the rehabilitation process.
Nevertheless, both patients and health professionals
interpreted PSF during this stage as a normal response,
and did not necessarily recognize it as a significant prob-
lem. This is in agreement with a previous study report-
ing that fatigue first became evident during hospital
admission, but the impact on role loss was not realized
until after discharge [43]. In contrast, the case definition
for PSF developed by Lynch et al. [8] contains individual
criteria for detecting PSF during hospitalization, as the
authors acknowledge PSF in the early phase to be im-
portant. In addition, a longitudinal observational study
found that having PSF in the early phase after a stroke
was an independent risk factor for poor physical health
18 months after stroke [3]. These prior studies highlight
the importance of assessing and diagnosing PSF in the
early phase after stroke.

As fatigue is a common symptom in the general popu-
lation, not all fatigue experienced after a stroke should
necessarily meet the definition of PSF. In individuals
with a previous (pre-stroke) history of fatigue, PSF
should only be considered when the feeling of fatigue is
substantially different in its characteristics, and/or se-
verely increased in intensity. For others, PSF should be
considered when the feelings of fatigue are new and per-
sistent after the stroke. However, to accurately distin-
guish newly developed post-stroke fatigue from pre-
existing fatigue through the use of PROMs could be
challenging. Including a retrospective item asking about
pre-stroke fatigue history could be an important first
step to investigating the potential similarities and differ-
ences between pre- and post-stroke fatigue.

PSF as a multidimensional phenomenon

This study highlights the complexity and multidimen-
sionality of PSF, which included closely interacting emo-
tional, cognitive, physical and social aspects. When
measuring complex constructs such as fatigue, a multidi-
mensional measurement instrument is preferable in
order to have a detailed assessment of all relevant di-
mensions [20]. For example, both symptom intensity
and symptom interference measures are considered vital,
as stroke survivors might report fatigue as very distres-
sing and significantly interfering with daily life, despite
reporting relatively low fatigue intensity, and vice versa.
This is in agreement with symptom experience in cancer
patients, showing a non-linear relationship between
symptom severity and symptom interference [44]. In
order to have a more comprehensive assessment of PSF
that includes all relevant dimensions, there is a need for
a new PSF-specific PROM.
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Study strengths and limitations

The study met all relevant COSMIN criteria, which
are considered the gold standard for establishing con-
tent validity in PROM development [13]. Most of the
COREQ criteria are also met, except returning tran-
scripts and participant checking, as well as repeat in-
terviews. We aimed to include a heterogeneous
sample of participants in order to explore a broad
range of experiences with PSF, but only nine stroke
survivors participated in the study. In addition, stroke
survivors were asked retrospectively about their fa-
tigue experiences in the early phase and were inter-
viewed up to 24 months post-stroke, introducing
possible recall bias. Although the median age of the
stroke survivors in this sample was low (59 years)
compared to the median age for stroke in Norway
(76 years) [45], our sample is too small for quantita-
tive comparisons and the individual ages reflect an
age distribution that is representative of the stroke
populations in many countries. Another strength of
this study was that the perspectives of health profes-
sionals working with stroke patients were also in-
cluded, and results from these focus groups were
largely consistent with results from the individual in-
terviews with stroke survivors. Further, the overall
aim of this study was to explore PSF to guide future
development of a PSF-specific PROM. The results
from this study will serve as the basis for item gener-
ation in the new PSF PROM. The drafted PROM will
then be pilot-tested with cognitive interviews, giving
the new participants the opportunity to add, modify
and remove items.

Conclusion

This study highlights the complexity and multidimen-
sionality of PSF, which included closely interacting emo-
tional, cognitive, physical and social aspects. Fatigue was
interpreted as a normal reaction in the early phase after
stroke, and awareness of PSF first emerged when PSF
came into conflict with the patient’s and society’s expec-
tations of performance. Since stroke survivors might not
immediately recognize their fatigue, health professionals
can help patients to comprehend and adapt to living
with fatigue. The results of this study will form the basis
for item generation and the development of a compre-
hensive PSF-specific PROM. Further studies will follow
COSMIN-methodology for PROM development, which
will include: drafting the PSF PROM, pilot-testing it with
cognitive interviews, and field-testing the PROM in a
larger sample to explore dimensions and potentially re-
duce items; further evaluation of the final PROM’s meas-
urement properties will then be conducted in a cross-
sectional sample [20].
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Introduction

Fatigue is a common and debilitating symptom for stroke survivors, potentially affecting every part of
their daily activities and quality of life [1]. Stroke clinicians are currently advised to systematically
assess fatigue in all patients [2, 3]. However, there is insufficient evidence to support the use of any
routine treatment or prevention strategies [4, 5], and the pathophysiology of post-stroke fatigue
(PSF) is largely unknown [1]. A critical barrier in PSF research is the lack of a patient-reported

outcome measure (PROM) for fatigue with sound psychometric properties [6, 7].

There is growing recognition that content validity is the most important measurement property of a
PROM [8]. Content validity can be defined as “the degree to which the content of a measurement
instrument is an adequate reflection of the construct to be measured” [9]. It is advised that content
validity should be demonstrated before evaluating other psychometric properties [10, 11]. However,
establishing content validity in PROMs that assess unobservable constructs such as fatigue is
challenging and requires several steps involving qualitative methods [9]. In a prior study [12], we
explored the experience of fatigue in a qualitative study with stroke survivors and health
professionals. These findings resulted in the development of a conceptual framework that outlined
PSF as a multidimensional phenomenon. Two important dimensions were fatigue characteristics
(e.g., intensity, timing) and fatigue interference (i.e. emotional, cognitive, activity and social impacts
of fatigue). A clear definition of the construct to be measured is a prerequisite for item development
[8]. Despite this, recent fatigue measures lack a clear definition, measure various aspects, and lack

high-quality evidence of content validity [6].

In stroke research, the Fatigue Severity Scale (FSS) is the most-used PRO for fatigue. However, the
FSS lacks evidence of content validity and evidence of its psychometric properties is limited,
particularly among people with stroke [6, 13, 14]. For example, the FSS does not assess important
features such as mental versus physical fatigue or diurnal variations [6, 15]. Although other, more
complex PROMs for fatigue exist, a recent review found no multidimensional fatigue questionnaires
had been adequately validated in people with stroke [16]. With the growing recognition of PSF as a
unique clinical entity and the increasing use of PROMs as endpoints in clinical studies, there is a clear
need to develop a PSF-specific PROM with robust measurement properties that capture

multidimensional features of PSF.

After establishing content validity, guidelines also recommend extensive field testing to obtain

insight into the structural validity of the data [9, 11]. Structural validity can be defined as “the degree



to which the scores of a measurement instrument are an adequate reflection of the dimensionality
of the construct to be measured” [17]. Rasch analysis is a powerful method to examine item
characteristics in detail [9, 18]. However, the fatigue instruments currently used in stroke
populations have limited evidence of their content validity. Studies have often moved straight to
assessing other types of validity, reliability and responsiveness [13, 16, 19]. This approach could
introduce several potential biases in these instruments’ scores [8]. To move forward in PSF research,
there is need for a fatigue PROM designed for and validated in the stroke population and that has
been developed following advanced PROM guidelines [16]. The aim of this study was, therefore, to

develop such a measure and evaluate its content validity, structural validity and internal consistency.

Method

Design

This study had a mixed-methods design involving three iterative steps (Fig. 1), as described by de Vet
et al. [9]. An expert panel developed the instrument’s initial items, cognitive interviews were
conducted to evaluate content validity, and an online questionnaire was used to collect data for a
Rasch analysis evaluating structural validity and internal consistency. Reporting of the item
development and cognitive interviews follows the consolidated criteria for reporting qualitative
research [20], and reporting of the Rasch analysis follows the Rasch reporting guideline for

rehabilitation research [21].

Item development

We first established an expert panel, using convenience sampling to include a balanced group with
diverse backgrounds. The expert panel consisted of three stroke researchers and clinicians from
Lovisenberg Diaconal Hospital (LDS), two PROM researchers (one from LDS and one external expert
on Rasch analysis) and two stroke patients with fatigue serving as user consultants. One user
consultant was already involved in the research project and recruited the second through her
network. Both were experienced user consultants in different health projects and active in a user
organization for stroke survivors. The first author (1JS), who is a nurse and current PhD-student, led
six meetings (four live at LDS and two on Zoom) each lasting 1-4 hours (with breaks). Between
meetings, all group members read and commented on written versions of the instrument. The expert
panel developed the items and response categories for the fatigue instrument based on our
conceptual framework of fatigue derived from a previously published qualitative study. In that study,
we defined PSF as “an experience of mental, physical or general feeling of exhaustion and tiredness,

with a discrepancy between the level of activity and the level of fatigue” [12]. The expert panel



developed the initial instrument informed by PROM development guidelines [8, 22-25]. The aim was
to develop an instrument that could measure characteristics and interference (in two subscales),
have the potential to measure improvement (for use in intervention studies), assess the level and
duration of fatigue experienced prior to stroke (i.e. pre-stroke fatigue) and be relatively short
(feasible). The expert panel developed version 1.0 of the instrument, named the Fatigue
Characteristics and Interference Measure (FCIM), through regular meetings from January through
June 2020. We also consulted a speech therapist for advice on adapting the instrument for people
with aphasia and/or reading difficulties. Finally, to ensure item clarity and test interview technique,

we performed two pilot interviews with the user consultants.

Cognitive interviews — developing evidence of content validity

Next, we conducted cognitive interviews with stroke patients. The aim was to establish the content
validity of FCIM version 1.0 by evaluating comprehensibility, retrieval, judgement and
communication, comprehensiveness and relevance [24, 26]. A stroke user organization in Norway
invited members to participate via text messages, e-mail and its Facebook page. Inclusion criteria
were prior stroke during the last two years, over 18 years, and living within driving distance from
Oslo. 15 stroke survivors were purposively sampled to ensure variability in age, gender, fatigue
severity and time since stroke diagnosis. Face-to-face individual interviews were conducted during
August and September 2020. Eight interviews were conducted in participants’ homes, and seven at
LDH in Oslo. Participants completed FCIM version 1.0 as part of the interview, and a questionnaire
including a 7-item version of the FSS (FSS7) [14] and information about their sociodemographic

characteristics and relevant medical history.

Coghnitive interviews were conducted with the Three Step Test Interview (TSTI) technique [27], and
followed a semi-structured interview guide (Online Resource 1). TSTI was developed as an aid to

identify problems in newly-developed instruments. It consists of the following three steps:

1) Observing the response behavior and concurrent thinking aloud. The interviewer takes notes
and observes behavior such as hesitation and correction of response category. The
participants are also instructed to think aloud and verbalize their thoughts when filling out
the instrument. The aim is to make the participants’ immediate thoughts about the
instrument observable for the interviewer.

2) Follow-up probing considering the behavior or expressed thoughts collected in step 1, where
the aim is to clarify and complete only the primary data previously collected.

3) Debriefing aimed at eliciting experiences and opinions, such as potential problems, possible

improvements and the instrument’s completeness.



Audio-recordings and field notes were taken during the interviews. Recordings were transcribed
verbatim and subject to a deductive content analysis facilitated by NVivo 12 [28]. Each item was
analyzed separately, and we used a categorization matrix based on Tourangeau’s four-stage cognitive
model [26], which includes comprehension, retrieval, judgement and response. Finally, we assessed
the completeness of the instrument as a whole. After 10 interviews, some changes were made to the

instrument, and then again after completing all 15 interviews, resulting in FCIM version 2.0.

Rasch analysis — developing evidence of structural validity and internal consistency

We conducted a cross-sectional study with a convenience sample of stroke patients (N=169).
Participants were recruited through the website of a stroke user organization. Inclusion criteria were
adults with a self-reported stroke diagnosis who could read Norwegian. Data were collected between
January and March 2021. Participants responded to an online questionnaire including
sociodemographic information, relevant medical history, FSS7 and FCIM version 2.0. A response to

every question was required.

FCIM version 2.0 was analyzed using a two-faceted Rasch model, which calculated the probability of
a specified response for both persons and items along the same linear scale (representing the latent
trait). This enables transformation of ordinal raw scores into an interval-level variable (called logits).
Winsteps (version 5.2.0.0), R (version 4.1.2) and SPSS (version 28.0.0.0) were used to conduct
statistical analyses and generate graphs. We applied a Partial Credit Model (PCM) since the FCIM
includes items with different response categories. Then we assessed rating scale functioning
according to Linacre’s guidelines to determine whether the scale was suitable for Rasch analysis [29]
(Table 1). We then proceeded to the main aim of the Rasch analysis to evaluate FCIM’s structural

validity and internal consistency (Table 1).
[Table 1 here]

Rasch analysis transforms ordinal raw scores into an interval-level scale and the fit statistics estimate
how well the items’ and persons’ raw data fit the model assumptions [30]. Fit statistics are presented
in infit and outfit unstandardized mean square (MNSQ) and standardized fit statistics (z-values). The
MNSQ residuals show the degree of randomness and a MNSQ value of 1.0 indicates perfect fit.
Values less than 1.0 indicate overfit to the model (i.e. the observations are too predictable), while
values greater than 1.0 indicate underfit (i.e. there is more randomness in the data than expected in
the Rasch model). Consistent with earlier empirical studies [14], we evaluated standardized infit
statistics as they are more sensitive to unexpected item response patterns targeted to the person.

This is in contrast to outfit, which is more sensitive to unexpected observations on very easy or hard



items, with high outfit MNSQ often resulting from a few random responses by low performers [30,

31].

Structural validity. Each subscale’s unidimensionality was assessed using Principal Components
Analysis (PCA) of the residuals [32]. Although the conceptual framework of fatigue is
multidimensional, statistical unidimensionality of each subscale/dimension needs to be ensured.
Local dependency between items was evaluated with Yen’s Q3 statistics, which compute raw score
residual correlations [33]. Local independence means that the variance left after removing the
contribution to the latent trait is only random, normally-distributed, noise [32]. If two items are
locally dependent, it indicates either that they add to some other dimension, or that they duplicate

some feature of each other (called redundancy-dependency) [32].

Internal consistency. Targeting of persons was reported with the mean measure score (theta) for
persons and mean standard error. Well-targeted measures have a mean location for persons around
0 (same as for items, which is always set to 0). A positive mean value for persons indicates higher
levels of fatigue compared to the average of the scale and a negative value indicates lower levels of
fatigue [34]. We also reported Wright item maps that, on the same scale, display both the individual
participants’ ability measures and the individual items’ difficulty calibrations (including the step
calibrations [Andrich thresholds]) [32]. Precision was evaluated using the person and item separation
index with associated reliability [32]. Consistency in item correlations was assessed with Kuder-

Richardson Formula 20 (KR-20), which is comparable to Cronbach’s alpha.

Score-to-measure conversion. Rasch analysis converts the raw scores to interval data (logits). To

facilitate clinical interpretation of FCIM, we provide score-to-measure tables for both subscales.

The groups of persons with misfitting MNSQ and z-values were compared to the rest of the sample
concerning age, gender and fatigue (FSS severe fatigue vs. no/mild/moderate fatigue (combined)),

using Student’s t-test or Fisher’s exact test, as appropriate.

Differential Item Functioning (DIF) analysis was conducted to investigate whether subgroups had

significantly different responses to items despite equal levels of the underlying trait [32].

Ethical considerations

The study was conducted following the Declaration of Helsinki and was approved by the Regional
Medical and Health Ethics Committee of Southeastern Norway (REK)(reference 2017/1741). All

participants provided written informed consent.



Results

Instrument development by expert panel

First, the expert panel generated 160 items related to our conceptual framework [12]. Then, the
panel aimed to select the best-worded and most relevant, comprehensive and discriminating items
[17]. The FCIM is based on a reflective model and was developed after thorough discussions and
according to relevant guidelines [8, 24]. Based on the conceptual framework, the instrument was
divided into two subscales: characteristics and interference. This initial version consisted of our
definition of PSF and 32 items with a 7-day recall period. The characteristics subscale had 10 items

I”

with a 5-point Likert scale ranging from “not at all” to “very much”. Three item pairs (fatigued items 1
and 2, mental fatigue items 3 and 4 and physical fatigue items 5 and 6) were designed to be the same
question, but with slightly different wording (Table 2). We included all three item pairs to investigate
in the next steps which items were preferred by stroke patients. The interference subscale had 20
items with a 5-point Likert scale ranging from “never” to “all the time”. In addition, we included two
pre-stroke fatigue items to help distinguish post-stroke fatigue from pre-existing levels of fatigue.

Based on the speech therapist’s input, we used bold font for essential words in each item. This

process resulted in FCIM version 1.0.

Content validity testing by cognitive interviews

FCIM version 1.0 was then assessed in 15 cognitive interviews with stroke patients. Characteristics of
the participants are presented in Table 3. The interviews lasted between 24 and 92 (mean 53)
minutes. Details about the cognitive interviews results are displayed in an item-tracking matrix
(Online Resource 2). Preliminary analysis after the first 10 interviews showed difficulties with
comprehension of the PSF definition, and minor difficulties with comprehension and judgement in
seven items in the interference subscale. We edited the instrument and presented the updated
version in the next five interviews, resulting in improved understanding of these items and the PSF
definition. After 15 interviews, we changed the ordering of items in the interference subscale and
removed two items due to comprehension problems and lack of relevance. We also flagged five
items (2, 4, 6, 27 and 28) because of similarity, comprehension and judgement issues. Despite
potential issues, we decided to temporarily keep the flagged items and investigate their performance
in the Rasch analysis. This resulted in FCIM version 2.0 with 10 characteristics items, 18 interference
items and two pre-stroke fatigue items (Table 2). Except for the five flagged items, we found no

significant problems relating to comprehension, judgement, relevance or completeness of the items.

[Table 2 here]



[Table 3 here]
Evaluating structural validity and internal consistency with Rasch analysis

FCIM version 2.0 was further evaluated in a sample of 169 patients with stroke who responded to an
online questionnaire (Table 3). There were no missing data. First, we evaluated the functioning of
both subscales against Linacre’s guidelines (Table 1) [29], and both subscales fulfilled the criteria of
having unimodal distribution with peaks in the center, more than 10 observations in each category,
outfit MNSQ <2.0, and step calibrations (Andrich thresholds) that advanced monotonically between 1

and 5 logits.

Characteristics subscale. The first iteration with all 10 items revealed misfit in item 10, so we
removed this item (Table 4). The second iteration displayed overfit in item 2, which was also
removed. In the third iteration, all eight items demonstrated acceptable fit to the Rasch model. Then
we assessed dimensionality of the remaining eight items by a PCA of the residuals. The variance
explained by the latent trait was just above 55%, however the eigenvalue in the 1st contrast was
slightly elevated, justifying further investigation. Residual correlations between items 3 and 4, as well
as items 5 and 6, were above the critical value. This was expected since these item pairs were almost
identical and previously flagged from the cognitive interviews. We removed items 4 and 6 and re-ran
the analysis. Removing these locally-dependent items resulted in improved overall fit to the Rasch
model (Table 4, Online Resource 3). The remaining six items also demonstrated evidence of local
independence, with no positive correlations. The mean person response was about 1 logit higher
than the mean item measure. The Wright map (Fig. 2) shows that the subscale might work best for
low and moderate levels of fatigue. In addition, the 6-item subscale demonstrated acceptable KR-20
and person separation (Table 4). Slightly exceeding our criterion, 10 persons (5.9%) demonstrated
misfit to the Rasch model. However, no significant differences in the group of misfits compared to
the rest of the sample were found in relation to age, gender or fatigue. No DIF was detected in
relation to gender, but significant DIF was found for item 8 in relation to age, with the age group 61-
83 being more likely to agree with this item than the age group 45-60 (p=0.0064). The final 6-item
characteristics subscale demonstrated evidence of good structural validity and internal consistency.
Characteristics subscale raw scores range from six to 30 and correspond to Rasch person measures of

-5.96 to 6.37 logits. A score-to-measure table is provided in Online Resource 4.

Interference subscale. ltem goodness-of-fit statistics from the first iteration of the 18-item
interference subscale indicated misfit in items 15 and 16 (Table 4). After removal of these two items,

the remaining 16 items demonstrated acceptable fit with infit MNSQ values that met our specified



criteria. PCA of the residuals showed that 62% of the variation was explained by the latent trait,
however, as the eigenvalue in the 1st contrast was greater than 2, and some of the residual item
correlations were above 0.3 (indicating locally-dependent items), further investigation was justified.
Items 14 and 18 both demonstrated a higher-than-expected residual correlation with two other
items (Table 4), thus we decided to remove items 14 and 18. We additionally removed items 27 and
28, since they were flagged as redundant items from a content validity perspective in the cognitive
interviews. In the final subscale, the mean person measure was 0.55 logits higher than the mean
item measure, and the Wright map (Fig. 3) shows that the subscale works well across all levels of
fatigue. The final interference subscale also had a high person separation index and reliability.
Fourteen persons (8.28%) demonstrated misfit to the Rasch model on the interference subscale,
which exceeded our criterion (Table 4). However, no statistically significant differences were found in
the group of misfitting persons compared to the rest of the sample in relation to age, gender or
fatigue. No significant DIF was found in relation to gender or age. Interference subscale raw scores
range from 12 to 60 and correspond to Rasch person measures of -7.54 to 8.09 logits. A score-to-
measure table is provided in Online Resource 5. In sum, the final 12-item interference subscale
demonstrated good fit to the Rasch model and good structural validity and internal consistency

(Table 4, Online Resource 6).

Pearson correlation indicated a strong positive relationship (r=0.77, p<.001) between the 6-item

characteristic subscale and 12-item interference subscale.

[Table 4 here]

Discussion

In this study, we developed and evaluated the Norwegian Fatigue Characteristics and Interference

Measure (FCIM), a new 20-item PROM for PSF.

Several previous studies have concluded that fatigue is a multidimensional phenomenon [12, 35]. In
this study, based on our conceptual framework, the fatigue dimensions of characteristics and
interference were separated into two subscales. Although they were highly correlated, these two
dimensions were confirmed by the cognitive interviews and the principal components analysis,
suggesting that characteristics and interference constitute dimensions that need to be assessed
separately to avoid missing important features of patients’ PSF experience. In clinical settings,
differentiating these subscales may also support targeting of different types of interventions. For
example, a specific intervention might have no effect on fatigue’s intensity (measured by items in the

characteristics dimension), but could alter fatigue’s interference with the person’s activities. Hence,



PROMs that fail to capture the multidimensionality of PSF may lack sufficient sensitivity and

specificity for use in clinical intervention trials.

A high-quality PROM needs to be feasible in addition to having evidence of validity and reliability. To
avoid respondents losing concentration or becoming fatigued, it is recommended that the
instrument not be too extensive or time-consuming [9]. Thus, we aimed for a relatively small number
of items in the final FCIM. Three items were removed due to high infit MNSQ values indicating that
answers to these items were more unexpected than predicted by the Rasch model. This might
indicate that these items capture an additional construct [32]. For example, a possible explanation of
misfit in item 10 is that evening fatigue can be commonly experienced even by people with low levels
of overall fatigue, as it might reflect normal circadian rhythms of lower energy levels later in the day

[36]. Keeping this item could possibly bias the results.

In our previous study, we found that stroke survivors qualitatively described fatigue in a variety of
ways [12], a finding also reflected in existing fatigue PROMs using a wide range of different
expressions to capture fatigue [6]. Even slight differences in item wording are known to affect
responses [37]. To identify the best fatigue wording, we included three item pairs with slightly
different wording in the characteristics subscale. Based on the cognitive interviews, we flagged these
items and retained them for the Rasch analysis. Not surprisingly, Rasch analysis indicated local
dependence or overfit to the model in these items. It seems likely that the residual correlations
between these items indicated duplication (redundancy-dependency) rather than
multidimensionality [33]. In retrospect, we could have removed these items after the cognitive

interviews, however, it is unlikely that keeping them changed our overall results.

Another limitation of our study was the loss of some separation ability due to the subscales’ item
reduction, although the instrument’s structural validity and internal consistency increased, as did its
feasibility. Person misfit was slightly higher than expected and should be monitored more closely in
larger studies, as a larger sample (>200) would offer more powerful data on person and context [22].
In addition, we used a convenience sampling method, and despite our sample’s diverse
sociodemographic and clinical characteristics, a random-sampling method could yield more robust

results.

An advantage of our study is that FCIM is developed based on qualitative data. Our previous review
of PROM s used in PSF research showed that existing instruments included items confounded by
other post-stroke sequela [6], such as “Do you feel weak?” Including such items could bias the results

in a stroke population. Fatigue characteristics and interference are common in other diagnoses, and



FCIM has the potential to be used across different patient groups after assessment of its

measurement properties.

Conclusion

In this study, we have developed the FCIM, a patient-reported outcome measure for post-stroke
fatigue that includes two subscales measuring fatigue’s characteristics and interference. The FCIM
also includes two pre-stroke fatigue items. This study has shown that the FCIM comprehensively
captures the essential experiences of fatigue, and thus has high content validity. Using Rasch
analysis, we removed misfitting and locally-dependent items, which resulted in two unidimensional
subscales demonstrating structural validity and internal consistency. Further assessment of the FCIM
is necessary before it can be used in clinical studies. The most important next step is to investigate
the FCIM’s ability to detect change over time (i.e. responsiveness), and its relationship to other
instruments (construct validity). Responsiveness is especially important for determining whether the
FCIM can be used as an outcome measure for intervention studies. Future studies should also
evaluate the FCIM’s measurement properties in other patient populations, as fatigue severity and
fatigue interference are common outcomes of many diseases/disorders. While FCIM is currently only
available in Norwegian, we aim to translate and cross-culturally validate the instrument in an English-

speaking sample.
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Table 1 Overview of measurement properties and criteria assessed for and through Rasch analysis

Measurement properties

Aim

Criteria

Rating scale functioning

Assess item responses and
their fit to the Rasch model
assumptions

Assessment of distribution

At least 10 observations of each category
Categories advance monotonically

Outfit MNSQ <2.0

Step calibrations (Andrich Thresholds)
advance between 1 and 5 logits

Item goodness-of-fit

Assess individual items’ fit
to the Rasch model

Infit MNSQ between 0.7-1.3 [38]

Structural validity

Principal components
analysis (PCA) of the
residuals to assess
unidimensionality and local
independence

Criteria for unidimensionality: raw variance
explained by measure >50% of the total
variance. Unexplained variance in residual
contrasts <2 eigenvalues [32]

Yen’s Q3 correlations between residuals <0.3
[33, 39]

Internal consistency

Targeting of persons with
mean and S.E of 0 (theta)

Report direction and distance from mean
item measure at 0 [39]

Internal consistency

Assess person separation
index and reliability
Assess item separation
index and reliability

Person separation >2
Person reliability 20.8
Item separation >3
Item reliability >0.9 [32]

Internal consistency

Assess consistency in
correlations between items

KR-20 >0.70 for each unidimensional scale or
subscale [39]

Person goodness-of-fit

Detect improbable item-
score patterns

Infit MNSQ <1.4 and/or associated z-value <2
[14]

Differential item function
(DIF)

Assessed across gender and
three age groups (24-44, 45-
60, 61-83)

DIF was analyzed using Mantel Chi-Square
test for polytomous data with a Bonferroni-
adjusted p-value = 0.01 [14, 40]
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Table 2 Version 2.0 of the Norwegian Fatigue Characteristics and Interference Measure (FCIM)

Version 2.0 of the Norwegian Fatigue Characteristics and Interference Measure (FCIM)*

In this questionnaire, we want to assess post-stroke fatigue. It is very normal to feel tired during periods when
you have a lot to do, but being fatigued means that you are more tired than you would expect considering what
you have done.

Please choose the answer that best describes how you have been feeling in the past 7 days.
To what degree did you feel: Not at all — A little bit — Somewhat — Quite a bit — Almost always

Fatigued

Exhausted

Mentally fatigued

Tired in your head
Physically fatigued

Tired in your body
Fatigued in the morning
Fatigued around noon

. Fatigued in the afternoon
10. Fatigued in the evening

LN AWNRE

Challenges due to fatigue Never — Rarely — Sometimes — Often — All the time

11. How often were you so fatigued that you had problems concentrating?

12. How often were you so fatigued that you had problems making decisions?

13. How often were you so fatigued that you had problems following a conversation?
14. How often were you so fatigued that you had problems gathering your thoughts?

15. How often were you so fatigued that you had problems taking a bath or shower?

16. How often were you so fatigued that you had problems getting dressed/undressed?
17. How often did you have problems starting your tasks/activities because of fatigue?
18. How often did you have problems completing your tasks/activities because of fatigue?
19. How often did you have to give up on your tasks/activities because of fatigue?

20. How often have tasks/activities taken more time because of fatigue?

21. How often did you avoid activities outside your home because of fatigue?

22. How often has it been difficult to plan activities ahead of time because of fatigue?
23. How often have you felt fatigued even if you have not done anything?

24. How often did you avoid physical activity because of fatigue?

25. How often did you limit your social activities because of fatigue?

26. How often were you too fatigued to be together with your family?

27. How often did you avoid engaging in hobbies or leisure activities because of fatigue?
28. How often did you avoid pleasant activities because of fatigue?

Pre-stroke fatigue

29. Before you had a stroke, to what degree did you feel fatigued then?
Not at all — A little bit — Somewhat — Quite a bit — Almost always

30. Before you had a stroke, for how long had you felt fatigued? (If item 29 is greater than ‘Not at all’)
1 month or less — 2-6 months — 7-12 months — more than a year

*The FCIM was developed in Norwegian and was translated above by the first author in the interest
of this publication only. At the time of publication, the measure has not yet been translated into
English according to the current standards for translation of measures for research purposes. This
version should not be considered the final version and should not be used.

12



Note: The 10 items in italics (2, 4, 6, 10, 14, 15, 16, 18, 27 and 28) were evaluated in FCIM version
2.0, but were not included the final 20-item version 3.0.
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Table 3 Patient characteristics for the cognitive interview and Rasch analysis samples

Patient characteristics Cognitive interviews | Rasch analysis
(n=15) (n=169)
Age, mean (range) 55.5 (40-75)* 52.4 (24-83)

24-44 2 35(20.7)

45-60 7 98 (58.0)

61-83 4 36 (21.3)
Male, n (%) 7 (46.7) 66 (39.1)
Education, n (%)

Primary school 2(13.3) 11 (6.5)

Secondary school 5(33.3) 62 (36.7)

Higher education <4 years 4 (26.6) 61 (36.1)

Higher education >4 years 4 (26.6) 35(20.7)
Marital status, n (%)

Married 11 (73.3) 95 (56.2)

Unmarried 3(20.0) 38 (22.5)

Widowed 0 4(2.4)

Divorced/separated 1(6.6) 32 (18.9)
Years since stroke, n (%)

1-24 months 13 (86.6) 69 (41)

>2 years 2 (13.3) 100 (59)
Type of stroke, n (%)

Cerebral infarction 13 (86.6) 126 (75)

Hemorrhage 2 (13.3) 34 (20)

Unknown/other 0 9 (5)
Work status, n (%)

Working (full or part time) 5(33.3) 60 (35.5)
Stroke-related speech disorder, n (%) Not collected 55 (32.5)
Weekly rehabilitation with speech therapist, n (%) | 1(6.7) 12 (7.1)
Fatigue Severity Scale (FSS7) total score**, n (%)

No/mild fatigue (1-3.9) 3(20.0) 21 (12.4)

Moderate fatigue (4-4.9) 5(33.3) 23 (13.6)

Severe fatigue (5-7) 7 (46.7) 125 (74.0)

All data are self-reported.

*Age is missing for two cognitive interview participants.

**The FSS total score is calculated as the mean of all item scores, can range from 1 to 7 and can be
divided into the categories above [41].
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Fig. 1 The three iterative steps in the development of the Norwegian FCIM.
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Fig. 2 Wright map displaying the 6-item characteristics subscale. The left side displays individual
participants’ ability measures (based on their mean logits), presented both as a total sample, and
separately for females and males. The right side displays the individual items’ difficulty calibrations,
including the difficulty of each step calibration (Andrich thresholds). Both the participants’ ability
measures and the individual item difficulty calibrations are spaced along the common vertical axis
with the logits presented on the right side [32].
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Fig. 3 Wright map displaying the 12-item interference subscale. The left side display individual

participants ability measures (based on their mean logits), presented both as a total sample, and
separately for females and males. The right side displays the individual items’ difficulty calibrations,
including the difficulty of each step calibration (Andrich thresholds). Both the participants’ ability

measures and the individual item difficulty calibrations are spaced along the common vertical axis
with the logits presented on the right side [32].
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Online resource 1

Cognitive Interview Guide

Introduction: We have developed a new instrument to assess fatigue in stroke patients. The aim of
this interview is to test our new instrument and find out whether you find the items difficult to
answer, if you understand what we are asking, if we lack response options etc. We are not so
interested in what your actual answer is, but rather how you experience the process of answering.

This interview will have three steps. First, | want you to answer the instrument, and concurrently
think aloud while you are answering. In this step, | will only observe and cannot answer any questions
that you might have. In the next step, | will follow up on the observations | made in the first step, and
lastly, we will talk more freely about the instrument and your experiences.

Step 1 - Observation

Observe the respondent’s behavior and gather “think aloud” data. Look specifically for:
-Questions that are being skipped
-Correction of the chosen response category
-Hesitation

-Stress/insecurity

Step 2 - Follow up probing

Ask questions about the observations made in step 1. For example:
-You stopped by this question, what did you think then?
-Did I hear you saying...?

Step 3 — De-briefing about experiences and opinions

Ask questions about the respondent’s experiences of and opinions about specific items and the
instrument as a whole. For example:

-How did you understand the introduction to the instrument?

-How did you comprehend this term in this question?

-Can you tell me why you answered alternative x on this question?

-Do you have any suggestions to how this could have been formulated differently?

-You had problems answering question x, can you tell me about how your situation is related to
this question?

-How do you understand the answer alternatives in this question?
-Were any of the questions excessive/irrelevant?
-Were there any questions or themes that you thought were missing?

-What did you think of the instrument as a whole?
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Online resource 3

The 6-item characteristics subscale showing item calibrations and fit statistics reported in hierarchical
order, difficulty from most to least

ltems Measure Std. error | Infit MnSq | Infit zstd Outfit Outfit zstd
(logits) MnSq
8 0.60 0.12 0.88 -1.13 0.88 -1.08
7 0.46 0.12 1.15 1.32 1.16 1.44
5 0.24 0.12 1.20 1.73 1.22 1.89
3 -0.23 0.12 1.11 0.99 1.08 0.76
1 -0.36 0.12 0.71 -2.93 0.70 -3.07
9 -0.70 0.12 0.90 -0.95 0.93 -0.62

*Std., standard; MnSq, mean square; zstd, Z standard.

Online resource 4

Raw score to Rasch logits conversion table of the 6-item characteristics subscale of FCIM

FCIM FCIM
characteristics characteristics
raw score Rasch logits
6 -5.96
7 -4.67
8 -3.85
9 -3.31
10 -2.88
11 -2.50
12 -2.16
13 -1.83
14 -1.51
15 -1.18
16 -0.86
17 -0.52
18 -0.17
19 0.19
20 0.55
21 0.93
22 1.32
23 1.72
24 2.14
25 2.58
26 3.04
27 3.55
28 4.16
29 5.04

30 6.37




Online resource 5

Raw score to Rasch logits conversion table of the 12-item interference subscale of FCIM

FCIM FCIM
interference interference
raw score Rasch logits
12 -7.54
13 -6.27
14 -5.48
15 -4.97
16 -4.58
17 -4.26
18 -3.97
19 -3.71
20 -3.47
21 -3.24
22 -3.02
23 -2.81
24 -2.61
25 -2.40
26 -2.21
27 -2.01
28 -1.81
29 -1.62
30 -1.42
31 -1.22
32 -1.03
33 -0.82
34 -0.62
35 -0.42
36 -0.21
37 0.00
38 0.21
39 0.43
40 0.65
41 0.87
42 1.10
43 1.34
44 1.57
45 1.82
46 2.07
47 2.32
48 2.58
49 2.84
50 3.11
51 3.38

52 3.66



53 3.96

54 4.27
55 4.60
56 4.97
57 5.40
58 5.95
59 6.79
60 8.09

Online resource 6

The 12-item interference subscale showing item calibrations and fit statistics reported in hierarchical
order, difficulty from most to least

ltems Measure Std. error | Infit MnSq | Infit zstd Outfit Outfit zstd
(logits) MnSq
13 1.58 0.12 1.06 0.57 1.09 0.79
26 0.95 0.12 0.91 -0.82 0.90 -0.90
12 0.95 0.12 1.11 1.02 1.14 1.30
19 0.69 0.12 1.03 0.35 1.03 0.36
24 0.20 0.13 1.11 1.05 1.12 1.09
11 -0.28 0.13 0.84 -1.50 0.82 -1.70
23 -0.48 0.13 0.98 -0.18 0.99 -0.03
17 -0.48 0.13 0.93 -0.64 0.90 -0.91
22 -0.56 0.13 1.18 1.57 1.17 1.52
21 -0.56 0.13 1.02 0.24 1.00 0.04
25 -0.69 0.13 0.98 -0.15 0.94 -0.52
20 -1.33 0.13 0.85 -1.40 0.82 -1.61

*Std., standard; MnSq, mean square; zstd, Z standard.
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Spgrsmal om hjerneslaget og sosiodemografiske opplysninger

1. Hvor mange maneder er det siden hjerneslaget?

2. Hva slags type hjerneslag hadde du?
[J Hjernebladning

L1 Hjerneinfarkt

L1 vetikke

] Annet

3a. Ble det tatt bildeundersgkelser av hodet ditt (CT eller MR)?
[ Ja
[ Nei

L] Vet ikke

3b. Huvis ja, hva var resultatet av CT/MR?
] Hjerneblgdning/hjerneinfarkt

[ Det var normalt

L] Vet ikke

4a. Hadde du ansiktsskjevhet eller krafttap i armer eller ben?

[ Ja
[ Nei
L] Vet ikke

4b. Dersom ja, hvilken side av kroppen ble rammet?
L Hayre
[ Venstre

4c. Har du hatt hjerneslag eller TIA tidligere?
[ Ja

] Nei
L] Vet ikke

5. Hadde du problemer med a snakke eller finne ord? (Som ikke var tilstede far
hjerneslaget)

D Ja
] Nei
[1 Vet ikke/husker ikke




6. Hvor gammel er du?
Skriv antall ar:

7. Kjonn
] Kvinne
] Mann

8a. Var du i lgnnet arbeid for du fikk hjerneslag?

[ Ja
[ Nei

8b. Huvis ja, arbeidet du pa fulltid eller deltid?
[ Fulltid
[ Deltid

8c. Er du i lgnnet arbeid na?

[ Ja
[ Nei

8d. Huvis ja, har du veert helt eller delvis sykemeldt de siste 14 dagene?

[ Ja
[ Nei

8e. Hvis ja, er du sykemeldt pa grunn av problemer etter hjerneslaget?

[ Ja
[ Nei

9. Far du behandling for depresjon?

[ Ja
] Nei

10. Hvor mange ganger har du mottatt rehabiliterings- og/eller omsorgstjenester i lgpet av
de siste 2 ukene?

] Fysioterapi, antall:

[ Hjemmesykepleie, antall:
[ Ergoterapi, antall:

[ Logopedtjenester, antall:
[ Psykolog/psykiater, antall:
[ Hjemmehijelp, antall:

[ Annet




11. Har du familie eller andre narstdende som du kan stgtte deg pa?
(sett ett eller flere kryss)

[ Ingen

[ Ektefelle/samboer
[] Egne barn

[ Foreldre

[J Andre narstaende

12. Hvilken utdanning er den hgyeste du har fullfgrt?

[ Grunnskole 7-10 &r, framhaldsskole folkehggskole

[ Real- eller middelskole, yrkesskole, ett- eller todrig videregdende skole

[ Artium, gkonomisk gymnas eller allmennfaglig retning i videregaende skole
] Hagskole eller universitet, mindre enn 4 ar

] Hagskole eller universitet, 4 ar eller mer

13. Hva er din sivilstand?
| Gift/registrert partner
[ ugift

L] Enke/enkemann

L1 skilt

[ Separert

14. Hvem bor du sammen med?
(sett ett eller flere kryss)

[ Ektefelle samboer
] Barn/svigerbarn
[ Bor alene

[ Saster/bror

[ Annen familie/slekt
[ Bor p& institusjon
[ Andre
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