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Objective: Post-stroke fatigue may be associated
with functioning even in patients with mild stroke.
In order to guide rehabilitation, the aim of this
study was to investigate the independent contribu-
tion of 12 function-related domains to severe long-
term fatigue.

Design: Observational follow-up study.

Subjects: A total of 144 stroke survivors (mean
age 67.3, standard deviation (SD) 10.9 years) were
included.

Methods: Fatigue 3-4 years post-stroke was mea-
sured with the Fatigue Severity Scale (cut-off
=5). Independent variables were the multidimen-
sional Stroke-Specific Quality of Life scale with 12
domains, demographics, and baseline stroke cha-
racteristics.

Results: Most of the participants had mild and
moderate stroke. Thirty-five percent (n=51) repor-
ted severe fatigue 3-4 years after stroke. Those
living with a significant other, and working par-
ticipants reported significantly less fatigue. All
domains of the Stroke-Specific Quality of Life scale
were significantly associated with the Fatigue Seve-
rity Scale. Adjusted for age, sex, marital status, and
work status, the domains “energy”, “"mood”, and,
unexpectedly, the domain “vision”, were all variab-
les independently associated with severe long-term
fatigue.

Conclusion: Stroke survivors with prominent self-
reported visual problems were more likely to expe-
rience fatigue. This finding should be verified in
further studies. Visual examination and visual
rehabilitation may reduce fatigue in selected stroke
survivors.
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(LAY ABSTRACT A
Post-stroke fatigue presumes worse outcomes for reha-
bilitation and recovery after stroke. More knowledge of
how specific long-term consequences relate to fatigue
is needed to guide care and rehabilitation. The aim of
this study is to investigate whether specific areas of
function are related to fatigue 3-4 years after stroke.
In total, 144 stroke survivors with predominantly initial
mild and moderate stroke severity were included. Self-
reported questionnaires with 12 function-related areas
from a stroke-specific health-related quality of life mea-
surement were tested in relation to a fatigue scale. This
study found severe fatigue in 35% of participants. All
functional areas were related to fatigue. When corrected
for age, sex, and marital status the domains “energy”,
“mood”, and “vision” were of particular importance for
severe fatigue. The results of this study indicate that
stroke survivors with prominent visual problems may

\especially be at risk of severe fatigue. J

of Rehabilitation, University Hospital of North Norway, Syke-
husveien 38, 9038 Tromsg, Norway. Email: synne.garder.
pedersen@unn.no; synnegp@hotmail.com

Post—stroke fatigue (PSF) is a common and long-lasting
sequela of stroke (1-4). PSF may persist among
40-74% of patients 2-3 years after (5-9), and 37% 6
years after stroke (1). Even after mild stroke PSF can be
a major symptom; however, this is easily obscured by
other symptoms (2, 10-12). Therefore, more evidence
about how specific long-term functional consequences
relate to severe fatigue is needed in order to guide care
and rehabilitation (1, 13). The current study is an obser-
vational follow-up study of fatigue and multidimensional
health-related quality of life (HRQoL), measured with
the Stroke-Specific Quality of Life (SS-QOL) scale (14).

The relationship between HRQoL and PSF seems to be
consistently negatively correlated (1, 3,4, 9, 13, 15),and
thus mapping of HRQoL may be considered complemen-
tary to the assessment of fatigue (3). A limitation with
the available studies on HRQoL is the generic quality of
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most measures (13), or studies yielding single global
scores (15). In contrast, Elf et al. (1) investigated the
impact of stroke 6 years later using the HRQoL measure
Stroke Impact Scale (SIS) and observed higher odds of
PSF among persons with worse SIS-domains scores
related to; participation, mobility, communication,
emotion, memory/thinking, and strength. The activities
of daily life (ADL) domain scores and hand function
were, however, less affected. This suggests that PSF is
associated with functional impairments across several
domains. Psychological factors may also contribute
to long-term PSF (16), and prior studies have shown
overlaps with PSF and symptoms of anxiety and depres-
sion (1, 5-9).

Following stroke, different impairments and fun-
ctional difficulties may occur in a variety of combina-
tions. For example, within motor (17), sensory (18),
cognitive (19), visual (20), communicative (21), or
emotional (22) areas. Studies have found associations
between ADL and fatigue in a long-term perspective
(5), although other studies have not established this
association (1, 9). Short-term PSF levels were sig-
nificantly associated with the component of mental
HRQoL (13). Studies are inconclusive concerning
the relationship between fatigue and cognition post-
stroke (23). Furthermore, a possible important clinical
association between vision and mental fatigue has been
found in a Swedish study (24). More knowledge of how
different stroke-related consequences are associated
with fatigue are warranted, and we are not aware of
any other studies using a multidimensional stroke-
specific instrument, also including the domains vision
and energy, to assess such associations.

The current study examines: (i) associations between
the function-related domains of the SS-QOL scale and
fatigue 3—4 years after stroke; and (ii) which of the 12
sub-domains are the most significant factors for severe
fatigue, as examined in a logistic regression analysis
including crude and adjusted coefficients.

In concordance with the literature, the a priori hypothe-
sis of this study was that the SS-QOL domain “mood”,
and the component score of the SS-QOL “cognitive-
social-mental” dimension would be positively corre-
lated and associated with fatigue. Furthermore, it was
hypothesized that the domains “energy” and “mood” in
the SS-QOL would be significant factors in regression
analysis for severe fatigue, as the energy-domain covers
tiredness and the need for rest after stroke.

METHODS

Design
This is an observational study in North Norway with
primary data (SS-QOL and fatigue) collected 3—4 years
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after stroke. Some of the potential confounding variables
were, however, collected at baseline and 12 months post-
stroke. The study is registered in ClinicalTrials.gov as
“Emotional and cognitive determinants of post-stroke
fatigue. A prospective study” (NCT 03639259).

Participants

Participants were recruited from the Norwegian arm
of the study “Rehabilitation, function, and quality
of life after stroke in North Norway and Central Den-
mark — the NorDenStroke study”. Patients with verified
cerebral stroke were recruited from stroke units at the
University Hospital of North Norway (UNN-HF) bet-
ween March 2014 and December 2015 (25). Exclusion
criteria at baseline were patients with stroke related to
brain malignancy, subarachnoid haemorrhage, or brain
trauma. Stroke survivors were included if they were: (7)
18 years or older; (i7) diagnosed with stroke according
to the International Classification of Diseases, version
10 (ICD-10 1.61 or 1.63); (iii) admitted to 1 of the 3
stroke units at UNN-HF, located at either Narvik,
Harstad or Tromsg; and (iv) for the current study;
completed questionnaires in the NorDenStroke study
1 year after stroke (n=217). In a drop-out analysis the
149 participants in the fatigue study were compared
with the 68 stroke survivors who did not respond or
consent at a follow-up 3—4 years post-stroke, when
invited to participate (Fig. 1). The participants who
did not respond or consent (n=68) were significantly
(»=0.001) older than those who agreed to the follow-
up (n=149) (67 vs 72 years), but the groups did not
differ in terms of sex, stroke type or stroke severity.

Data collection procedures
The Regional Committee for Research Ethics in Medi-
cine and Health Sciences in North Norway approved

Investigated at 12 months
post stroke in the
Deseced n =13 NorDenStroke study
Serious medical condition n =19 N =252
Withdrawn consentn =1 <
Not asked for consent by failure n =2
Eligible for the Fatigue
study at three to four
years follow-up
N =217

Excluded N =35

Did not respond/ non-consenters
N =68 A

Participants at follow-up
N =149

Excluded N =5
Missing data in questionnaires

Included participants in
the fatigue study
N =144

Fig. 1. Study flowchart.
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the study. For the current follow-up study at 3—4 years
post-stroke, a health professional informed potential
participants about the study and asked for written
consent. Questionnaires were sent by post. After new
written informed consent was obtained, earlier col-
lected information pertaining to stroke-related factors
and medical information either from the National Nor-
wegian Stroke Register, or from the patient's medical
files were utilized. The latter concerned patients that
was not already registered in register (n=38). When data
were missing in questionnaires, participants received
a follow-up by telephone call and were encouraged to
answer any missing questions. Through this process,
it was established that some participants (n=5) were
unable to complete the questionnaires due to deterio-
rating health.

Dependent variable

Fatigue 3—4 years after stroke was measured with the
Norwegian version (26) of the Fatigue Severity Scale
(FSS). The FSS has been used extensively to assess
fatigue in population-based stroke research (10).
Ozyemisci-Taskiran et al. (27) showed that the FSS
is a valid and reliable scale to measure fatigue after
stroke, with excellent internal consistency (Cronbach’s
alpha: 0.928), and good test—retest reliability (intra-
class correlation coefficient (ICC): 0.742). However,
the FSS was not found sensitive enough to differentiate
fatigue in stroke from the control subjects (patients
with other diagnoses) (27). The questionnaire compri-
ses of 9 items probing for fatigue in daily life across
domains of daily activity, social participation, sleep,
and motivation. Items are graded on a 7-point Likert
scale ranging from 1 (no problem) to 7 (a significant
problem), with higher scores indicating more fatigue.
A global average score is calculated based on all
9 items (25). A cut-off score >5 is recommended for
defining cases of severe fatigue (26) and was applied
in the current study.

Independent variables

Function-related consequences were collected with the
Stroke-Specific Quality of Life (SS-QOL) scale (14)
3—4 years after stroke. The SS-QOL comprehensively
indexes a multiple number of HRQoL domains that
may be severely affected in a stroke survivor’s life.
The SS-QOL scale covers 12 functional domains across
49 items and has been validated for use in Norwegian
clinical settings (28). The domains are: “work and

LN LR N3

upper extremity function”, “mobi-

productivity”,
7, “self-care”, “energy”, “mood”, “social roles”,
29 (13

lity”,
“family roles”, “vision”, “language”, “thinking”, and
“personality”. Each domain is measured by 3—6 six

items using a 5-point (1-5) Likert scale (higher scores
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indicate better function). An example from the langu-
age domain; “Did you have trouble finding the word
you wanted to say?” and possible replies: 1: could
not do it at all; 2: a lot of trouble; 3: some trouble; 4:
a little trouble; 5: no trouble at all. Another example
from the energy domain; “I was too tired to do what |
wanted to do”” and possible replies: 1: strongly agree;
2: moderately agree; 3: neither agree nor disagree; 4:
moderately disagree; 5: strongly disagree. All items are
answered based on how the respondent has experienced
the specific question or statement the past week. An
average score for each domain is calculated, which
allows for comparisons between domains and is helpful
for identifying specific areas that are affected by stroke
(14). The overall SS-QOL score is used for providing
a simpler summary. The reliability of the SS-QOL
specific and overall scores have been documented in
numerous studies, confirming an acceptable internal
consistency of the domains (14, 28, 29). The test-retest
reliability coefficient is documented as generally good
(Spearman’s tho=0.65-0.99) (28, 29).

Potential confounding variables

Demographic data and stroke characteristics. Infor-
mation about sex, age, and stroke characteristics were
collected through the National Norwegian Stroke
Register or medical records at baseline. Marital status
(married/cohabitant or single), level of education,
living- and working situation were collected through
questionnaires at 12 months.

Pre-stroke fatigue. Fatigue prior to stroke was asses-
sed with 1 question 3—4 years post-stroke: “Did you
have a problem with fatigue before your stroke?”” (30)
(yes/no).

Statistical analyses

The Statistical Package of Social Sciences (SPSS)
software (IBM Corporation, version 28) were used for
all statistical analyses. Descriptive data was presented
as means, standard deviations (SDs), or medians and
interquartile range (IQR). For correlation-tests, the
distributional properties of the SS-QOL subscales
were examined visually with normality plots with tests
(e.g. Q-Q plots). In addition, z-values for skewness
and kurtosis were evaluated according to sample size,
and formal normality-test (Shapiro—Wilk test) was
used to assess whether assumption of normality was
acceptable.

Because the SS-QOL data was non-normally distri-
buted, Spearman’s rank-order correlations were used to
assess bivariate relationships between the FSS and the
12 domains, the 2 components score, and total score of
the SS-QOL scale. Correlations (rho) were defined as
low <0.3, moderate 0.3—0.5, and high >0.5 based on
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Table I. Demographic and stroke characteristics of patients with or without fatigue
Total FSS<5 FSS=5
n=144 (100%) n=93 (65%) n=51 (35%) p
Baseline
Age at time of injury, mean (SD) 67.3(10.9) 67.3 (9.4) 67.3 (13.2) 0.988
Age, n (%)
18-55 years 22 (15) 11 (50) 11 (50) 0.066
56-74 years 86 (60) 62 (72) 24 (28)
>75years 36 (25) 20 (56) 16 (44)
Sex,n (%)
Female 52 (36) 22 (42) 30 (58) <0.001
Male 92 (64) 71 (77) 21 (23)
Stroke type, n (%)
Ischemic 130 (90) 82 (63) 48 (37) 0.198*
Haemorrhagic 14 (10) 11 (79) 3(21)
Scandinavian Stroke Scale (SSS), median [IQR] 47 [14] 48.2 [12] 46.1 [11] 0.151
SSS impairment, n (%)
Very severe (0-14), severe (15-29) and moderate (30-44) 53 (37) 32 (60) 21 (40) 0.421
Mild (45-58) 91 (63) 61 (67) 30 (33)
Variables 1-year post stroke
Education, n (%)
<10 years 49 (34) 30 (61) 19 (39) 0.410
>10 years 82 (57) 56 (68) 26 (32)
Missing 13 (9)
Marital status, n (%)
Married/cohabitant 106 (74) 76 (72) 30 (28) 0.003
Widowed/single 38 (26) 17 (45) 21 (55)
Work status, n (%)
Working 21 (15) 18 (86) 3 (14) 0.022*
Retired/sick leave/unemployed 123 (85) 75 (61) 48 (39)
Variables 3-4 years post-stroke
Pre-stroke fatigue, n (%)
No 114 (80) 76 (67) 38 (33) 0.308
Yes 30 (20) 17 (57) 13 (43)

*Fisher’s exact test.
FSS: Fatigue Severity Scale; SSS: Scandinavian Stroke Scale.

reasonable conversions to correlation coefficients from
the standardized mean differences (Cohen’s d) (31).
Differences between groups (fatigue/non-fatigue) were
tested by independent sample #-tests and Mann—Whit-
ney U tests for continuous normally and non-normally
distributed variables, respectively, and by the y? test
for categorical variables. Effect sizes were calcula-
ted as standardized mean differences, i.e. Cohen’s
d. Although the interpretation guidelines for power
are adjusted in rehabilitation research (32), Cohen’s
effect sizes were used in this study: a value <0.5 is
regarded as small, 0.5-0.8 medium, and >0.8 large
effect size (31).

Prior to logistic regression analyses, indices of
multicollinearity were assessed with a multiple
linear regression (with fatigue as a continuous out-
come) with tolerance- and variance inflation factor
(VIF) values. The SS-QOL domains “mobility”
and “work/productivity” were withdrawn from the
logistic analyses due to multicollinearity-issues with
most SS-QOL domains (VIF=6.348 and 7.500).
Backward binary logistic regression was applied
to investigate which domains of the SS-QOL were
significantly associated with fatigue/non-fatigue.
Variables from univariate analyses with p-values

<0.1 were included in the analyses (age, sex,
marital status, and work status). Although age was
removed during the backward analysis because of
non-significant p (>0.05), age was re-added as the
last adjustment variable to ensure that results were
not age-related. The model fit was investigated with
the Hosmer and Lemeshow test to assess whether
the agreement between observed and predicted
outcomes at each decline of risk, increasing from
0 to 1, is roughly equal. Nagelkerke’s R? expresses
the ratio of sum likelihoods for the intercept only
vs the full regression model, thus approximating the
well-known R-square index for explained variance.

RESULTS

Of 149 eligible participants who completed the sur-
vey at 3—4 years post-stroke, 5 were excluded due to
missing data in the administered questionnaires. The
remaining participants (n=144) had no missing data
on the survey forms.

The demographic and stroke characteristics of the
participants and their relation to FSS are shown in
Table 1. Thirty-five percent of the participants (n=51)
had fatigue 3—4 years after stroke. Ninety percent
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Table II. Associations of the Stroke-Specific Quality of Life (SS-QOL)
scale and fatigue measured with the Fatigue Severity Scale (n=144)

Fatigue Severity Scale (FSS)

Spearmans’
rho 95% CI p

SSQOL total -0.688** -0.785 |-0.567 <0.001
Self-care -0.360%** -0.497 |-0.205 <0.001
Vision -0.382%* -0.514 |-0.228 <0.001
Language -0.362%* -0.507 |-0.201 <0.001
Mobility -0.458%* -0.591 |-0.302 <0.001
Work/productivity -0.417%* -0.555 |-0.262 <0.001
Upper extremity function -0.486** -0.614 |-0.344 <0.001
Thinking -0.474%* -0.591 |-0.339 <0.001
Personality —-0.504** -0.627 |-0.365 <0.001
Family roles -0.567** -0.682 |-0.434 <0.001
Mood -0.643%* -0.745 |-0.512 <0.001
Social roles —-0.584%** -0.688 |-0.453 <0.001
Energy -0.634%* -0.747 |-0.506 <0.001
Component scores

Physical Health (PH)? -0.504** -0.629 |-0.360 <0.001
Cognitive-Social- -0.675%* -0.779 |-0.552 <0.001

Mental (CSM)®
aSelf-care, mobility, work/productivity, upper extremity function.
5Thinking, personality, family roles, mood, social roles, energy.
CI: confidence intervals.

Spearmans’ r was bootstrapped (1,000 samples) to ensure robust 95%
confidence intervals (95% CI).

(n=130) of the participants had an ischemic stroke,
and 63% (n=91) had mild stroke impairment measured
with the Scandinavian Stroke Scale at baseline (Table I).
Age was not significantly associated with fatigue, alt-
hough there was a tendency towards more fatigue in
the youngest and oldest age group in this population.
Participants were predominantly men (64%); however,
female sex was significantly associated with fatigue
(»<0.001). Those living with a significant other, as
well as working participants at 12 months post-stroke,
reported significantly less fatigue at follow-up than
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those who were unmarried, or lived alone (p=0.003)
and non-working participants (p=0.022).

As shown in Table II, the SS-QOL total scale, the
12 domains, and the 2 SS-QOL component scores
(25) were all significantly correlated with fatigue
(rho >0.3). Seven of the sub-domains were moderately
correlated with the FSS (rho 0.3-0.5). Five of the sub-
domains, the total SS-QOL scale and the 2 dimensions
of SS-QOL had all high correlations with the FSS
(tho>0.5) (Table II). There was a statistically signifi-
cant difference in the means between groups defined
as non-fatigued (FSS <5) and fatigued (FSS >5) in
all aspects of the SS-QOL scale, where all domains,
total-score, and component-scores of the SS-QOL scale
were generally lower in the fatigued group (Table I11).

Logistic regression analysis showed that the hypo-
thesized associated domains “energy” and “mood”,
together with the domain “vision”, were independent
variables associated with severe fatigue at long-term
follow-up. In the overall model (without division of
groups within the vision-domain), vision had an odds
ratio (OR)=4.44 (p=0.037, 95% CI 1.06—-17.68).
To explore the vision-domain further, it was divi-
ded into 3 groups. Within those reporting severe
fatigue, =26 had no visual problems (score 5/5),
n=11 had some visual problems (score between 4.5
and 5, indicating easy problems in 1 of the items
of vision), and n=14 reported pronounced visual
problems (score <4.5, indicating more complex pro-
blems across items, or large impairment in 1 item).
The latter group explained severe fatigue (OR 4.1,
CI 1.08-15.82, p=0.038). Among the demographic
adjustment-variables those who were unmarried, or
living alone, were more likely to report severe fatigue
(OR 0.2, p=0.006). Nagelkerke’s R°=0.53. Age did

Table III. Comparison of Stroke-Specific Quality of Life (SS-QOL) scale scores between groups defined as non-fatigued and fatigued

FSS <5 FSS 25

N=93 N=51 Mann-Whitney U test
SSQOL index scores Mean (SD) Mean (SD) p-value Cohen’s d
SSQOL total 4.54 (0.515) 3.77 (0.703) <0.001 1.249
Self-care 4.84 (0.466) 4.57 (0.742) <0.001 0.435
Vision 4.91 (0.206) 4.57 (0.636) <0.001 0.719
Language 4.78 (0.366) 4.44 (0.676) <0.001 0.625
Mobility 4.67 (0.611) 4.08 (0.853) <0.001 0.795
Work/productivity 4,72 (0.607) 4,18 (0.914) <0.001 0.696
Upper extremity function 4.78 (0.476) 4.17 (0.921) <0.001 0.832
Thinking 4,07 (1.141) 3.17 (1.193) <0.001 0.771
Personality 4.27 (1.070) 3.37 (1.230) <0.001 0.780
Family roles 4.54 (0.875) 3.36 (1.293) <0.001 1.068
Mood 4.34 (0.999) 2.96 (1.175) <0.001 1.265
Social roles 4.25 (0.903) 3.28 (1.027) <0.001 1.003
Energy 3.96 (1.233) 2.38 (1.233) <0.001 1.281
Component scores
Physical Health (PH) 4.75 (.489) 4.25 (.790) <0.001 0.761
Cognitive-Social-Mental (CSM) 4.22 (.826) 3.13 (.940) <0.001 1.231

FSS: Fatigue Severity Scale.
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Table IV. Binary logistic prediction model with non-fatigue and
fatigue (n = 144) as outcome at 3-4 years post-stroke

OR 95% CI p-value
Demographic adjustment-variables
Age 1.01 0.97-1.05 0.504
Female sex 2.59 0.99-6.80 0.052
Not married or cohabitant 4.32 1.51-12.30 0.006
Domains of the SS-QOL scale
SS-QOL Energy 1.57 1.05-2.35 0.029
SS-QOL Mood 1.97 1.27-3.06 0.002
SS-QOL Vision
Some problems with vision 2.34 0.48-11.33 0.292
Pronounced visual problems 4.14 1.08-15.82 0.038

SS-QOL: Stroke-Specific Quality of Life scale.

not significantly adjust these outcomes (Table IV).
The domains “mobility” and “work/productivity”
were initially withdrawn from the logistic analyses
due to multicollinearity issues.

DISCUSSION

The aims of this study were: to explore relationships
between sociodemographic and stroke characteris-
tics and long-term fatigue; to examine associations
between the 12 domains and 2 components of the
SS-QOL scale and fatigue; and to assess whether
any of the 12 domains of the SS-QOL scale were
independent variables associated with severe fatigue
long-term post-stroke. The study found fatigue in 35%
of participants 3—4 years after stroke. Fatigue was sig-
nificantly associated with all domains, as well as both
the physical health (PH) component and the cognitive-
social-mental (CSM) component in the SS-QOL scale
in univariate analysis (lower SS-QOL scores, higher
FSS scores). Female sex and not being married or
having a cohabitant, was also significantly associated
with higher scores on the FSS. Concordant with the
study hypothesis, the domains “energy”” and “mood”
were both strong correlates, and independent variables
associated with severe fatigue long-term post-stroke.
Unexpectedly, the domain vision was also an indepen-
dently associated variable for fatigue, and additional
analyses showed that the group with prominent vision
problems especially were more likely to report severe
fatigue. The participants in this study had a mean age
of 67 years at stroke onset, and some of the participants
may have had pre-existing age-related visual deficits.
However, age did not affect the results in the analyses.

The proportion of PSF (35%) in the current study is
lower than a comparable study (9) with approximately
the same time of assessment (58%), but in line with
another study with a 6-year follow-up in which 37%
of the participants reported the presence of PSF (1).
However, both of these studies used a diagnostic FSS
cut-off >4, whereas the current study used a cut-off >5.
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It has been argued that using a cut-off >4 might lead to
an overestimation of fatigue (26). In a large, population-
based study (n=1,893), almost half of the participants
scored >4 on the FSS. Consequently, a cut-off >5 has
been suggested for defining fatigue (26). Exact compa-
risons with other studies are difficult due to the unequal
times of assessment, use of other fatigue-scales and the
representativeness of the participants. Nevertheless,
the prevalence in the current study is fairly equal to
comparable studies after stroke. Since PSF is a negative
prognostic factor for rehabilitation and recovery after
stroke (1, 20), it has been suggested that PSF should be
routinely assessed, and the symptoms addressed during
the recovery process (11).

As expected, the SS-QOL domains “energy” and
“mood” were strong correlates and significantly asso-
ciated with severe fatigue. It has been argued that the
energy-domain in the SS-QOL scale measures aspects
of fatigue, and a previous study found that this domain
had the largest impact of all domains in the SS-QOL
scale on the participants 1 year post-stroke in 2 cohorts
in different countries (25). The SS-QOL is 1 of the few
multidimensional stroke-specific HRQoL instruments
that includes an energy domain. No studies were found
for comparison in relation to fatigue. The current
study shows that the SS-QOL energy domain can be
used as an indication of fatigue in future studies. The
relationship between mood and fatigue found in the
current study supports previous research highlighting
the connection between PSF and mood problems both
early and late after stroke (1, 9, 33). In the current
study, the odds for PSF were higher in stroke survivors
with a higher perceived impact in the mood domain
(OR 1.97, p=0.002). This finding is in line with the
study of Elf et al. (1), in which the emotion domain in
the SIS scale showed similar results.

In the current study, the vision domain was an inde-
pendent variable associated with severe fatigue, and the
group of stroke survivors with prominent self-reported
vision problems were more likely to report severe fati-
gue (OR 4.14). The vision domain in the SS-QOL scale
has 3 graded questions: (a) Did you have trouble seeing
the television well enough to enjoy a show? (b) Did
you have trouble reaching for things because of poor
eyesight? (c¢) Did you have trouble seeing things off
to one side? The 3 questions do not cover the multiple
problems stroke survivors might experience related
to visual consequences, but do include elements that
might impact function, everyday activities, and social
interaction. To our knowledge, no other stroke-specific
HRQoL multidimensional instrument has a vision-
domain included in the measure. However, the SS-QOL
scale does not include problems with reading, which
is a major problem after an acquired brain injury (35).
Hence, the SS-QOL may not include an important group
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of patients with visual problems. The current study
found 1 study by Elf et al. (1) that investigated stroke-
specific HRQoL and fatigue with the Stroke Impact
Scale. This instrument does not include a vision domain,
and comparisons with other studies using self-reported
stroke-specific measures are therefore not possible in
relation to vision and fatigue. Nevertheless, the findings
of the current study are in line with a study (n=328)
by Sand et al. (34), which found that participants who
reported a vision problem more often experienced
fatigue approximately 6 months after their stroke. This
study used a generic self-reported questionnaire (15D)
with a graded question on vision that included both
sight and walking ability. Another study (36) found
an association between binocular visual dysfunction
and fatigue. The latter study had few stroke survivors
included (n=29), and follow-up between 3 and 6
months after the stroke. A study by Berthold-Lindstedt
et al. (24), on patients with acquired brain injury found
a statistically significant association between visual
deficits (structured visual interview) and self-reported
moderate-to-severe mental fatigue measured with the
Mental Fatigue Scale. The prevalence of mental fatigue
among stroke patients in this study was 36.8%.

Post-stroke visual impairments are common, and
approximately 30% of stroke survivors report visual
deficits in different studies (20, 33). Nevertheless,
vision impairment is one of the most overlooked
and under-treated conditions of elderly patients and
those with acquired brain injuries, including stroke
(24, 35, 37). The visual system is complex, involving
several parts of the brain, and is a central sensory-motor
modality for fine- and gross-motor functioning as
well as social interaction (20, 24). Therefore, patients
might not relate their symptoms to visual impairments
(24, 38), but rather to the everyday impairments in
function or social interactions. Following a stroke,
common visual consequences are symptoms of
hemianopsia, visual neglect, diplopia, reduced visual
perception, oculomotor dysfunction, and double vision
(20, 35). Although partial or complete recovery of
visual impairments can occur, many patients develop
permanent disability (20). Decreased visual function
constitutes reduced postural stability, increases the
risk of falls, has a negative impact on quality of life
(39, 40), and may also affect the association between
vision impairment and disabilities in activities of daily
living (ADL) (20).

Strengths and limitations of the study

High-quality data from stroke registries, combined with
questionnaires with a high completeness rate in the data,
minimize the risk of information bias, representing a
strength of this study. There are few studies on fatigue and
associated factors long-term after stroke. Furthermore,
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studies specifically investigating associations between
visual impairments and fatigue in stroke populations
are scarce, and amongst conducted studies participants
have different primary diagnoses (24). Hence, a further
strength of this study is that the population consists only
of stroke survivors. Self-reported data is valuable for
providing a wide range of responses, and for obtaining
the individual’s own perspectives, views, and opinions.
However, a limitation concerning questionnaires is the
non-response bias, which may be the case in this study
as those who had a more severe stroke were less likely
to respond in the primary study that this current study
recruited from. For this reason, interpretation of results
is relevant to stroke survivors with mild and moderate
stroke, but extends less well to populations with more
severe strokes. For the current study, a non-response bias
regarding older age is relevant, since non-responders
were older than responders. Although age was not signi-
ficantly associated with fatigue in the current study, there
was a tendency towards more fatigue in the youngest
and oldest age group in this population. Thus, a higher
response rate among the oldest participants might have
impacted the results. Another limitation is that the visual
problems were patient-reported, and not verified by visual
examinations.

CONCLUSION

This study showed that the SSQOL domains energy,
mood and vision contributed to severe fatigue. Visual
disorders were found to have an independent impact
on severe long-term fatigue post-stroke. Both visual
disturbances and fatigue are common after stroke.
However, this should be investigated further in additio-
nal studies and with larger populations. These findings
emphasize the importance of a thorough visual exami-
nation with follow-up, as well as visual rehabilitation,
which might, in turn, reduce the burden of fatigue in
stroke survivors.
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