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Abstract
Introduction: Fatigue is a common complaint after stroke and may be assumed to be related to older age.
Contradictory findings on the relationship between age and post-stroke fatigue have been reported in the rehabilitation
phase, but no studies have described their relationship in the acute phase. The aim of this study was to explore the
relationships among fatigue, age, and other socio-demographic and clinical factors during the acute phase following
stroke.
Methods: The sample included 115 patients (ages 29 to 91 years) with first-ever stroke admitted to two hospitals
in Norway in 2007 and 2008. Data were collected from medical records and face-to-face interviews within 2 weeks
of hospital admission. Measures included the Fatigue Severity Scale, SF-36A Physical Functioning Scale, Beck
Depression Inventory-II, Barthel Index and Pittsburgh Sleep Quality Index. Pre-stroke fatigue was defined as fatigue
lasting longer than three months before the stroke. Analyses included age group comparisons and hierarchical linear
regression.
Results: The relationship between age and fatigue was weak and U-shaped rather than linear, with the youngest
(<60 years) and oldest (>75 years) groups reporting higher levels of post-stroke fatigue. The effect of age on poststroke fatigue remained significant after controlling for gender, work status, pre-stroke fatigue, physical functioning,
sleep disturbance, and comorbidity, but was attenuated after controlling for depressive symptoms.
Conclusion: Although post-stroke fatigue in the acute phase was more severe among the youngest and oldest
groups, age only explained a small proportion of post-stroke fatigue variability. Clinical factors, such as pre-existing
fatigue, physical functioning, and particularly mood are likely more important explanations for post-stroke fatigue than
age. Since fatigue may impact the patient’s ability to participate in rehabilitation, clinicians should pay attention to
fatigue and its co-existing factors during the acute phase. Evidence-based interventions for managing post-stroke
fatigue and improving rehabilitation outcomes are warranted.

Keywords: Stroke; Fatigue; Age; Rehabilitation; Quality of life;
Physical impairment; Depression
Introduction
Stroke is the most frequent cause of disability in elderly people,
and fatigue is one of the most common complaints after stroke [1].
The prevalence of post-stroke fatigue is reported to be between
36–77% [2-4]. Fatigue can be defined as a sense of exhaustion, lack
of energy, or tiredness distinct from sleepiness, sadness or weakness
[5-7]. Unlike tiredness, clinically significant fatigue is unrelieved by
a night of good quality sleep [5]. It is commonly assumed that older
people are generally more affected by fatigue than younger people, yet
findings about the relationship between post-stroke fatigue and age
are contradictory. A number of studies report no relationship between
age and post-stroke fatigue [2,8-13]. In contrast, older age was related
to higher fatigue among patients one year after first-ever stroke when
sex, depressive symptoms and comorbidity were controlled for in a
multivariate analysis [11]. In a recent cohort study of Canadians with
a mean age of 68.4 years, younger stroke survivors report more fatigue
than older survivors one year post-stroke [14], which supports findings
from another recent study [15].
Similar to our previous report [16], several studies demonstrate that
post-stroke fatigue is related to pre-stroke fatigue [9], poor physical
functioning [9], dependency in activities of daily living [17,18] and
depression [9,13,15]. Studies report conflicting findings on whether
there is a positive association between post-stroke fatigue and sleep
quality [9,19] or no relationship at all [11].
In order to develop targeted interventions for post-stroke fatigue,
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it is clinically important to understand the extent to which fatigue is
related to the patient’s age or clinical characteristics and comorbidity.
To our knowledge, no studies have reported findings on the relationship
between age and fatigue in the acute phase after stroke. The aim of this
study was to explore the relationship between fatigue and age during the
acute phase after stroke while controlling for other socio-demographic
and clinical factors, including depression, independence in activities of
daily living, sleep quality, and physical functioning.

Method
Sample and procedures
As part of the longitudinal Post-stroke Fatigue study in Norway,
stroke patients were recruited upon hospital admission between March
2007 and September 2008 at one hospital in the south-eastern region,
and between September 2007 and June 2008 at a university hospital in
Oslo. Data were collected from medical records and from standardized
interviews by three trained interviewers using validated questionnaires.
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Inclusion criteria were that patients had first-ever clinical
presentation of stroke according to the ICD–10 (I60 – I64) [20],
were 18 years or older, and had satisfactory cognitive functioning to
participate. Patients who were fully conscious, or somnolent but could
be awakened to full consciousness (equivalent to a score of 4 or 6 on
item #1 in the Scandinavian Stroke Scale–SSS) [21] and oriented for
time, place and person (equivalent to a score of 4 on item #6 in the
SSS) were eligible. At one hospital those who did not meet the criteria
for cognitive functioning were further assessed with Mini-Mental State
Examination (MMSE). Those with an MMSE score ≤ 10 and those with
an MMSE score between 11 and 23 but found cognitively incompetent
by a physician or nurse were excluded. At the second hospital patients
who did not meet the SSS criteria were clinically assessed by the stroke
team. Those found cognitively incompetent were excluded from
participation. In addition, patients who were assessed by the recruiting
nurses to be unable to communicate (participate in a meaningful
conversation with an interviewer or point on the response alternatives
on questionnaires) were excluded.
Of the 193 patients diagnosed with first-ever stroke, 14 were
excluded due to reduced cognitive functioning, 26 were excluded
because of difficulty communicating due to stroke, and one was
excluded because of inability to understand Norwegian language. Of
the 152 patients eligible to participate, 125 patients consented (82%) of
which six died or were transferred to hospitals in other regions before
collecting the first set of data, resulting in a sample of 119 patients
(Figure 1). Data from 4 of the 119 patients were collected later than 15
days after admission and were excluded. Therefore 115 patients were
included in this analysis of acute phase fatigue experience.

Measurements
Post-stroke fatigue: The 9-item Fatigue Severity Scale (FSS) [22]
is the most commonly used instrument to measure fatigue in stroke
and has good validity and reliability [1,23]. The modified FSS-7 was
previously shown to have stronger psychometric properties among
stroke patients [23] and was therefore used in this study. Patients rate
their level of agreement with 7 statements about fatigue interference on
a seven-point Likert scale ranging from strongly disagree to strongly
agree. An FSS mean score ranging from 1 to 7 was computed for each
patient, with higher scores indicating higher levels of fatigue. The FSS
score was also categorized into one of three groups; no/mild fatigue
(FSS<4), moderate fatigue (FSS = 4–4.9), and severe fatigue (FSS ≥
5). Internal consistency of the FSS in the present study was adequate
(Cronbach α coefficient=0.87). Mean FSS scores did not differ by
interviewer.
Pre-stroke fatigue: Pre-stroke fatigue was measured retrospectively
with two items; “did you experience fatigue before you had your stroke”
(yes/no) and if yes, “how long did you experience fatigue” (less than one
week, less than three months, 3-6 months and more than 6 months).
Patients who reported fatigue lasting longer than three months before
the stroke were defined as having pre-stroke fatigue.
Socio-demographic variables: Data on patient age (years), sex,
and relationship status (married/living with a partner or not) were
collected from their medical record, while data on level of formal
education (less than twelve years versus twelve years or more) and
employment were collected from the questionnaire. Those in paid
work or self-employment were categorized as working, while students,
full time homemakers and those on disability or old age pension were
categorized as not working.
Stroke characteristics: Based on CT/MRI imaging in the medical
Int J Phys Med Rehabil
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record, stroke type was categorized as either infarction or haemorrhage,
and stroke location was categorized as left, right or bilateral.
Physical functioning: The level of physical functioning (PF) was
self-rated using the 10-item PF subscale from the Short Form-36 Acute
version (SF-36A) [24]. The SF-36A is a questionnaire that measures
both physical and mental issues (one week recall) associated with
health-related quality of life (HRQoL). Higher scores correspond to
better perceived HRQoL. The SF-36 has demonstrated satisfactory
reliability and validity [24] and has been suggested as the preferred
instrument to measure disability in stroke patients [25].
Activities of daily living: Functional ability was assessed with the
10-item Barthel Index (BI) of Activities of Daily Living (ADL) [26]. Total
scores range from 0 (ADL dependent) to 20 (ADL independent) [27].
The Norwegian version of the BI-ADL has demonstrated satisfactory
validity and reliability in stroke patients [28]. Cronbach alpha for the
BI-ADL was 0.92 in this sample.
Sleep quality: The patient’s sleep quality was assessed with the
19-item Pittsburgh Sleep Quality Index (PSQI), which measures sleep
quality, disturbance and sleep efficiency during the last month [29]. A
global PSQI score ranges from 0–21; higher scores represent poorer
sleep quality. Cronbach alpha for the PSQI was 0.63 in this sample.
Depressive symptoms: Depressive symptom severity was
measured using the Beck Depression Inventory Version II (BDI-II)
[30]. The instrument consists of 21 groups of four statements arranged
by symptom severity (0–3), and patients select one statement from each
group. Total scores range 0–63, with higher scores indicating more
severe depressive symptoms. Total scores are categorized as follows:
0–14 = minimal depressive symptoms, 14–19=mildly depressed,
20–28=moderately depressed, and 29–63=severely depressed range.
Cronbach’s α for the BDI-II in this study was 0.88. BDI has been found
to be an acceptable screening instrument for depression in stroke
patients [31].
Other clinical variables: Patients’ use of sleep medication during
the last three days, their past or present illnesses and medical diagnoses
were collected from their medical record.

Statistical analysis
Participants were grouped into three age groups (<60, 60-74,
and ≥ 75 years) for the purpose of reporting sample characteristics.
Descriptive statistics were used to summarize socio-demographic and
clinical characteristics by age group. Differences between age groups
were assessed by analysis of variance (ANOVA) for continuous variables
and by Chi-square (χ2) test for categorical variables. Associations
between variables were assessed using Pearson correlation coefficient
(r). Scatterplots were used to visualize the bivariate relationship
between post-stroke fatigue (FSS-7 scores) and age. A multivariate
linear regression analysis was conducted to evaluate the effect of age
on post-stroke fatigue while controlling for other relevant variables.
Variables correlated with fatigue (r ≥ 0.15) were included as covariates.
Age was entered into the model first, and both linear and quadratic
effects were evaluated. Other socio-demographic and clinical variables
were added to the model in subsequent steps. The extent to which each
step improved the model was evaluated by testing the significance of
the associated change in R2. The level of significance was set at p<0.05,
and all tests were two-tailed. The data were analysed using SPSS for
Windows Version 17.0 (SPSS Inc. , IL, USA).

Results
Participants
Socio-demographic and clinical characteristics for patients in each
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Figure 1: Scatterplot of post-stroke fatigue (FSS-7 score) by age.

age group are summarized in Table 1. The middle age group (60–74
years) reported lower post-stroke fatigue than both the youngest (<60
years) and oldest (≥ 75 years) age groups, which did not differ. A similar
pattern was observed in the report of pre-stroke fatigue, although the
group differences were not statistically significant. Not surprisingly, the
three age groups also differed on several socio-demographic variables,
with less likelihood of being in a paired relationship or working in
the older age groups. The age groups did not differ significantly with
respect to gender or education, stroke characteristics, or use of sleep
medication. The oldest age group reported significantly poorer physical
functioning and had significantly lower body mass index compared to
the two younger age groups, which did not differ. There were subtle,
non-significant differences between the groups on measures of
independence in activities of daily living, sleep quality, and depressive
symptoms.
A plot of post-stroke fatigue by age suggested a weak association
(Figure 1). While the linear effect of age accounted for almost none of
the variance, the quadratic effect accounted for a significant proportion
(7.3%) of the variance in post-stroke fatigue. The addition of a cubic
term did not significantly improve the R2 or amount of explained
variance in fatigue severity scores on the FSS-7.
The bivariate correlations among post-stroke fatigue and sociodemographic and clinical variables are shown in Table 2. To evaluate
the relationship between post-stroke fatigue and age while controlling
for other relevant variables, a hierarchical linear regression was
conducted and results are presented in Table 3. Due to missing data
on the ADL and depression measures, 100 patients had complete data
and were included in the regression analysis. The linear effect of age
(Step 1) was not significant, but the addition of a quadratic term for age
significantly improved the model’s R2 (Step 2). Age was still a significant
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predictor of fatigue after controlling for gender and work status (Step
3), and after controlling for pre-stroke fatigue, physical functioning,
independence with activities of daily living, sleep disturbance, and
comorbid respiratory illness, but the age effect was attenuated after
controlling for depressive symptoms. Depressive symptoms attenuated
the effect of age on post-stroke fatigue regardless of whether any other
factors were included in the model. The interaction between age and
gender was not significant and was therefore not included in the final
model.
The association between depressive symptoms and post-stroke
fatigue was strong (r=0.468), with the majority (n=18, 62%) of the
29 patients who reported severe post-stroke fatigue (FSS-7 ≥ 5) also
reporting more than minimal depressive symptoms (BDI-II scores ≥
14; χ2 [2]=22.0, p<0.001). However, it should also be noted that more
than a third (n=11, 38%) of those reporting severe fatigue reported
depressive symptoms in the minimal range.

Discussion
The main focus of this study was to examine the relationship
between age and fatigue among stroke survivors. Although post-stroke
fatigue in the acute phase was more severe among the youngest and
oldest groups in this study, age only explained a small proportion of
the variance in post-stroke fatigue. The weak, curvilinear relationship
between age and post-stroke fatigue evident in this sample may also
explain the contradictory findings of studies on age and fatigue later in
the post-stroke period. Curvilinear relationships can lead to misleading
conclusions when using statistical techniques that assume linearity,
particularly when evaluating relationships within restricted ranges. For
example, Figure 1 might suggest a negative linear relationship if only
evaluating the younger half of the sample, a positive linear relationship
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Patient Age Group
29–59 yrs n=23

60–74 yrs n =49

75–91 yrs n=43

Test statistic and p-value

Fatigue measures
Post-stroke, FSS-7 (1–7), mean (SD)
No/mild fatigue, n (%)
Moderate fatigue, n (%)
Severe fatigue, n (%)
Pre-stroke, n (%)

4.6 (1.1)

3.4 (1.5)

4.3 (1.4)

F(2,112)=7.75, p=.001

5 (22%)

32 (65%)

17 (39%)

χ2(2)=14.0, p=.007

10 (43%)

9 (19%)

12 (28%)

8 (35%)

8 (16%)

14 (33%)

9 (39%)

10 (20%)

15 (35%)

χ2(2)=3.57, p=.168

47.6 (7.6)

66.6 (4.5)

81.3 (3.9)

F(2,112)=334, p<.001

16 (70%)

31 (63%)

21 (49%)

7 (30%)

18 (37%)

22 (51%)

15 (65%)

36 (73%)

32 (74%)

Socio-demographic variables
Age in years, mean (SD)
Gender, n (%)

χ2(2)=3.27, p=.195

Men
Women
Years of formal education, n (%)

χ2(2)=0.70, p=.704

< 12 years

8 (35%)

13 (27%)

11 (26%)

In paired relationship, n (%)

≥ 12 years

20 (87%)

35 (71%)

21 (49%)

χ2(2)=10.8, p=.005

Working, n (%)

17 (74%)

11 (22%)

0 (0%)

χ2(2)=44.6, p<.001

17 (74%)

41 (84%)

32 (74%)

Haemorrhage

1 (4%)

2 (4%)

4 (9%)

Not detectable

5 (22%)

6 (12%)

7 (16%)

Right

6 (35%)

14 (34%)

11 (34%)

Left

8 (47%)

14 (34%)

7 (22%)

Bilateral

3 (18%)

9 (22%)

8 (25%)

Unknown

0 (0%)

4 (10%)

6 (19%)

4 (17%)

11 (22%)

16 (37%)

χ2(2)=3.87, p=.144

Physical Functioning, SF-36 (1–100)

68.9 (27.6)

66.3 (31.6)

45.0 (33.8)

F(2,112)=6.61, p=.002

Activities of Daily Living, BI (1–20) (n=106)

17.5 (4.7)

18.6 (3.3)

16.7 (4.3)

F(2,103)=2.35, p=.101

Sleep Quality, PSQI (0–21) (n=113)

6.8 (4.0)

6.2 (3.4)

7.8 (3.5)

F(2,110)=2.40, p=.096

Depression, BDI-II (0-63) (n=111)

11.5 (7.8)

7.6 (7.3)

10.6 (7.4)

F(2,108)=2.77, p=.067

Body Mass Index (n=104)

27.8 (6.1)

27.4 (4.2)

23.8 (4.8)

F(2,101)=7.15, p=.001

Clinical variables, n (%)
Stroke type

χ2(2)=2.41, p=.661

Infarct

Stroke location (n=90)

χ2(2)=6.19, p=.403

Use of sleep medication
Clinical variables, mean (SD)

Note. FSS-7 = Fatigue Severity Scale 7 item version; BI = Barthel Index; PSQI = Pittsburgh Sleep Quality Index; BDI-II=Beck Depression Inventory II. Scale range in
parentheses.

Age

Respiratory
illness

Sleep quality

ADL

Physical
functioning

Pre-stroke
fatigue

Relationship

Work

Female
gender

Age

Post-stroke
fatigue

Table 1: Demographic and clinical characteristics by age group (N=115).

-.030

Female gender

.170

.189*

Working

.006

-.578*

-.142

In a relationship

-.105

-.284*

-.301*

Pre-stroke fatigue

.425*

-.010

-.073

-.012

-.140

Physical functioning

-.410*

-.264*

-.201*

.264*

.197*

ADL (n=106)

-.186

-.004

-.146

.153

.249*

.024

.577*

Sleep quality

.211*

.172

.194*

-.122

-.281*

.192*

-.336*

Respiratory illness

.261*

.165

.012

-.106

-.059

.152

-.035

-.101

.058

Depression (n=111)

.468*

-.050

.109

-.006

-.154

.350*

-.158

-.075

.345*

.235*
-.079
-.185
.216*

Note. FSS-7 = 7 item version of the Fatigue Severity Scale; ADL = Activities of Daily Living
* p<.05
Table 2: Pearson correlations between post-stroke fatigue (FSS-7) and socio-demographic and clinical variables (N=115).

if evaluating the older half of the sample, or no relationship at all if
only linear relationships were evaluated. Several studies report more
post-stroke fatigue among younger stroke survivors [14,15], but they
only reported their sample’s age as a descriptive mean and standard
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deviation. Without knowing the actual age range of the patients
included and given the possibility of a curvilinear relationship between
age and post-stroke fatigue, it is difficult to interpret their findings or
compare their findings with ours.
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Steps

Independent variables

β

p

1

Age only – linear effect
-.030

.766

-2.141
2.128

.007
.007

Age – linear

-2.048

.010

Age – quadratic

2.019

.012

Sex (reference=male)

0.156

.122

Work status (reference=not working)

0.024

.843

Age – linear

-1.770

.008

Age – quadratic

1.606

.015

Sex (reference=male)

0.144

.081

Work status (reference=not working)

0.070

.472

Pre-stroke fatigue (reference=no)

0.348

<.001

Physical functioning (SF–36)

-0.477

<.001

ADL (Barthel Index )

0.174

.092

Sleep quality (PSQI total score)

0.004

.964

Respiratory disease

0.233

.005

Age – linear

-1.295

.053

Age – quadratic

1.165

.080

Sex (reference=male)

0.127

.115

Work status (reference=not working)

0.072

.446

Pre-stroke fatigue (reference=no)

0.292

.001

Physical functioning (SF–36)

-0.454

<.001

ADL (Barthel Index)

0.144

.153

Sleep quality (PSQI total)

-0.058

.505

Respiratory disease

0.191

.019

Depression (BDI–II score)

0.223

.017

Age – linear
2

Age only – quadratic effect
Age – linear
Age – quadratic

3

4

5

Add other socio-demographic variables

Add clinical variables

Add depressive symptoms

R2

∆R2

.001

.001

.073

.072*

.096

.023

.457

.361*

.491

.034*

Note. FSS-7 = Fatigue Severity Scale 7 item version; ADL = Activities of Daily Living; PSQI = Pittsburgh Sleep Quality Index; BDI-II=Beck Depression Inventory II. The
model was significant (p<.05) at steps 2 through 5, but not at step 1. Test of final model: F(10,89)=8.58, p<.001), adjusted R2 = .434
Table 3: Multivariate relationships between post-stroke fatigue (FSS-7) and age, controlling for other demographic and clinical variables (n=100).

Our findings suggest that fatigue in the acute phase after stroke may
have different etiologies in older and younger patients and may affect
them differently. A previous study of stroke survivors between 37 and
54 years of age reports that fatigue is an overwhelming experience that
greatly impacts daily functioning and life [32]. In that study, patients
with fatigue expressed frustration with having limited capacity to do
work, engage in family and social life, and take responsibility for the
family’s economic situation. Their frustration may be exacerbated by
the fact that fatigue is invisible compared to more external injuries and
that they are of an age group in which they are expected to be most
productive and capable. In one recent study, some stroke survivors
reported that their fatigue had a less negative impact in their daily
life as they became older [33], possibly due to reduced expectations
and responsibilities. A study of fatigue in the general population
showed that fatigue among older adults was related to a higher rate
of comorbidity among the oldest participants [34]. This may also be a
plausible explanation for the higher level of fatigue among the oldest
stroke survivors in this study. Efforts to aid patients in managing their
fatigue may therefore need to focus on the specific demands, as well as
the co-morbid conditions, faced by stroke survivors of different ages.
Consistent with the findings of other studies of post-stroke
fatigue, the effect of age in this study was quite small compared with
other factors, such as pre-existing fatigue, physical functioning, and
depressive symptoms. Therefore, it should not be assumed that fatigue
during the acute phase after stroke is simply a function of advancing
age. Furthermore, it should not be assumed that fatigue will resolve on
Int J Phys Med Rehabil
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its own, since fatigue in the acute phase is also likely to predict fatigue in
the rehabilitation period and beyond [15]. Fatigue can be a significant
barrier to the rehabilitation process and has been associated with both
recovery outcomes and quality of life [35]. Given the importance of
effectively managing fatigue, both during the acute phase and later in
the post-stroke period, evidence-based interventions are needed.
The associations between post-stroke fatigue and clinical
factors, such as pre-existing fatigue, physical functioning, depressive
symptoms, and respiratory disease have been previously documented
[1,16,36], thus justifying their inclusion as covariates in the current
analysis. Consistent with other studies, post-stroke fatigue had a strong
association with depressive symptoms, even when controlling for
other related variables, such as pre-stroke fatigue, sleep disturbance,
and physical functioning. Although depressive symptoms should be
evaluated among patients reporting post-stroke fatigue, more than a
third of the patients reporting severe fatigue (FSS-7 ≥ 5) had BDI-II
scores within the normal range (<14). This finding is consistent with
the study by Parks and colleagues [14] in which 49% of stroke patients
who reported fatigue as one of their worst symptoms, did not report
clinically significant depressive symptoms. These findings confirm
those of earlier studies [37,38] and indicate that post-stroke fatigue can
occur in the absence of depressive symptoms. It remains unclear how
the co-occurrence of depression influences the impact of fatigue on
rehabilitation outcomes and how interventions can best address such
co-morbid conditions.
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The results of this study should be considered in light of several
limitations. Data on stroke characteristics were limited to type and
general location, and the small number of haemorrhagic strokes limited
our ability to effectively evaluate the role of stroke type. Nonetheless,
most studies that have included more detailed information on stroke
characteristics have not found significant relationships between stroke
characteristics and post-stroke fatigue [2,8,11,17,36,39]. Although
representative of the larger population of stroke patients, this sample
consisted of a relatively small number of younger patients, resulting
in a fairly wide age range in the youngest age group (29 to 59 years).
Given that this wide age range spans several life phases before one’s
retirement years, and that this group also had the highest fatigue scores,
studies are needed to better identify factors associated with fatigue
within this group.

Conclusion
Although post-stroke fatigue in the acute phase was more severe
among the youngest and oldest groups, age only explained a small
proportion of the variance in post-stroke fatigue. Although the
curvilinear effect of age was statistically significant when not accounting
for depressive symptoms, the effect size was small and likely has
limited clinical relevance. Clinical factors, such as pre-existing fatigue,
physical functioning, and particularly mood are likely more important
explanations for post-stroke fatigue than age. Since fatigue may impact
the patient’s ability to participate in rehabilitation, clinicians should
pay attention to fatigue and its co-existing factors during the acute
phase. Evidence-based interventions for managing post-stroke fatigue
and improving rehabilitation outcomes are warranted.
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