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A B S T R A C T

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

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

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

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 PROMs
(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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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

Fig. 1. Flow chart of literature search and inclusion of studies [50].
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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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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

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 PROMs 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

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.

Table 2
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) 7a

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) 13a

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) 16a

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) 35a

Note. Table showing the percentage and number (n) of items in each PROM measuring the different fatigue dimensions and sub-dimensions.
a 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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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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