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Abstract
Aim: To analyse the interactions of associated factors with post stroke fatigue (PSF) 
after discharge home and determine the predictors of PSF and their impact on stroke 
survivors.
Design: A prospective observational study.
Methods: A total of 94 patients with acute stroke were recruited between May 
2019 -July 2020. The main outcomes were fatigue, depression, insomnia, sarcope-
nia, and health-related quality of life (HRQOL) and were assessed at admission and 
1 month after discharge. Fatigue was measured using the Fatigue Assessment Scale. 
Depression and Insomnia were assessed using the Hospital Anxiety and Depression 
Scale-Depression and Insomnia Severity Index, respectively. Sarcopenia was meas-
ured using the SARC-F questionnaire, and HRQOL was assessed using the Short 
Form-8.
Results: Acute phase PSF was an independent predictor of PSF after discharge home. 
Moreover the path analysis revealed that this effect is mediated through both the 
direct effect of acute-phase PSF on PSF after discharge home and through the indi-
rect effect of interaction with pre-stroke SARC-F, acute phase depression, and acute 
phase insomnia, which remains a separate predictor of acute-phase PSF. In total, 17% 
of the survivors had persistent PSF. Persistent PSF was significantly associated with 
depression, insomnia, sarcopenia, and a lower quality of life scores.
Conclusions: Post-stroke fatigue may occur in the acute phase and persists after discharge, 
it will not only affect later depression, insomnia, and quality of life, but also sarcopenia.
Impact: Acute phase PSF was found to be an independent predictor of PSF after 
discharge home. In addition, the interaction with pre-stroke SARC-F, acute phase 
depression and insomnia had an indirect connection with PSF after discharge home, 
which remains a separate predictor of acute-phase PSF. Thus, early assessment and 
management of mental status, sleep problems, and sarcopenia during hospitalization 
might be an important step in post-stroke rehabilitation and home transition.
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1  | INTRODUC TION

Fatigue occurring as a consequence of stroke is a common com-
plaint (van der Werf et al., 2001), identified as early as 1999 by 
Ingles et al. (1999) in a study of 181 patients with acute stroke. The 
Ingles study found that 40% of stroke survivors considered fatigue 
as one of their most serious sequelae. In recent years, 25–85% of 
patients reported experiencing post-stroke fatigue (PSF) (Cumming 
et al., 2016), even those with good neurological recovery (Marsh 
et al., 2018; Staub & Bogousslavsky, 2001). These rates exceed fa-
tigue levels in the general population that range only from 10–23% 
(Lamers et al., 2013; Lerdal et al., 2005; Loge & Kaasa, 1998). Unlike 
normal fatigue resulting from overexertion, PSF is not relieved with 
normal rest and has been documented to persist chronically in 
some stroke survivors (Barbour & Mead, 2012; Chaudhuri & Behan, 
2004; Duncan et al., 2012; Wu, Kutlubaev et al., 2015; Wu, Mead 
et al., 2015).

In community patients, PSF is defined as at least a 2-week period 
over the past month when the patient has experienced fatigue, lack 
of energy, or an increased need to rest every or nearly every day, 
leading to difficulty in taking part in everyday activities. In hospital 
patients, PSF is defined when the patient has experienced fatigue, a 
lack of energy, or an increased need to rest every day or nearly every 
day since their stroke. Fatigue leads to difficulty in taking part in 
everyday activities and therapies, or the need to terminate an activ-
ity early due to fatigue. (Lynch et al., 2007). PSF not only interferes 
with social participation and daily activities, but also has a negative 
impact on their rehabilitation outcomes, including participation in 
rehabilitation therapy and return to work (Glader et al., 2002; van 
de Port et al., 2007; Andersen et al., 2012). Moreover PSF has been 
shown to be related to poor neurological recovery, functional lim-
itations, decreased quality of life, and increased institutionalization 
and mortality (Choi-Kwon et al., 2005; Glader et al., 2002; Naess 
& Nyland, 2013). PSF is an often neglected but important stroke  
sequela with far reaching consequences (Lerdal et al., 2009). 
However, little is known about the underlying mechanism and man-
agement of PSF (Aarnes et al., 2020).

2  | BACKGROUND

Recently, an increasing number of physiotherapists, nurses, and 
researchers have paid increasing attention to PSF. In 2016, the top 
10 published research priorities specific to stroke nursing identi-
fied managing fatigue as a top research priority (Rowat et al., 2016). 
Previous studies have shown that PSF is related to the stroke sur-
vivor's gender, age, pre-stroke fatigue, or whether stroke was re-
current or first-ever (Nadarajah & Goh, 2015; Ponchel et al., 2015). 

Many studies have demonstrated a strong relationship between PSF 
and psychological factors such as depression (Lerdal et al., 2011; van 
der Werf et al., 2001). However, the relationship between fatigue 
and depression remains controversial due to PSF can also occur in 
the absence of depression (Ponchel et al., 2015). In addition, sleep 
problems such as insomnia was listed as the contributors to fatigue 
(Leppävuori et al., 2002). A previous study showed that fatigue meas-
ured 1 year after stroke was associated with both sleep disturbance 
and physical disability (Appelros, 2006). Moreover poor functional 
ability related to higher levels of PSF, and functional status was re-
ported to mediate the influence of PSF on HRQOL (Vincent-Onabajo 
& Adamu, 2014). Furthermore, poor functional capacity seems to be 
related to the increase of the risk of sarcopenia and reduced mus-
cle strength can also leads to loss of functional capacity (Dhillon 
& Hasni, 2017; Oliveira et al., 2019). Despite some studies having 
shown a strong association between low skeletal muscle mass and 
fatigue in cancer patients (Bye et al., 2017; Wang et al., 2020), to 
our best knowledge, muscle loss or sarcopenia was not considered 
in previous studies on PSF. Muscle wasting is a common complica-
tion of stroke, with 42% of stroke survivors having sarcopenia (Su 
et al., 2020). The impact of muscle weakness after stroke on physical 
function reduction or disability (Bohannon, 2007) indicates that it 
may also contribute to a reduction in psychological function.

As stroke survivors try to manage and adapt to changes or func-
tional limitations, the rhythm and routines of life after stroke will 
also change. At the initial phase of transition at discharge from hospi-
tal to home, the real consequences of the stroke on daily life become 
apparent (Beunder et al., 2015). Many stroke survivors reported that 
a salient feature of the transition phase is managing fatigue (Rittman 
et al., 2004). However, 43% of stroke survivors reported inadequate 
support to manage their fatigue problems (McKevitt et al., 2011). 
Thus, frustration is a common response to these changes 1 month 
after discharge (Rittman et al., 2004). Moreover, the continuity of 
care is even more difficult for stroke survivors with language, motor, 
or visual impairments that substantially hinder telephone contact to 
schedule and confirm appointments after discharge from the hospi-
tal (Broderick & Abir, 2015). To improve home transition for stroke 
patients, the outcomes of PSF should be determined after the patient 
returns home for a period. As such, it is important for healthcare 
professionals to identify risk factors during hospitalization and man-
age them in time. A recent study (Lerdal & Gay, 2013) reported that 
acute phase fatigue is a significant predictor of later physical health. 
Thus, the acute phase may represent a critical period for functional 
recovery. However, studies investigating PSF in the acute phase, 
such as the first or second week after stroke, are scarce (Chaudhuri 
& Behan, 2004; Schepers et al., 2006). Furthermore, most previous 
studies were focused on the impact of PSF on the long-term out-
comes after stroke (Andersen et al., 2012; Christensen et al., 2008; 
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Elf et al., 2016; Glader et al., 2002), studies investigating PSF in the 
initial phase of transition from hospital to home are scarce.

3  | THE STUDY

3.1 | Aims

This study aimed to investigate the characteristics of PSF from the 
acute phase to the first month after discharge, analyse the possible 
predictors and interactions of associated factors towards the PSF 
after discharge home, and determine the impact of PSF on the short-
term outcomes after stroke that included depression, insomnia, sar-
copenia, and HRQOL.

3.2 | Design

This study was a part of the For S (Support System for Stroke 
Survivors) project. This project is prospective observational study 
that aims to improve home transition and long-term outcomes for 
stroke patients during the hospitalization period. This study was a 
single-centre, prospective observational study of data collected be-
tween May 2019–July 2020 at a neurosurgical hospital in Sapporo, 
Hokkaido, Japan.

3.3 | Participants

Participants who met the following criteria were included: (a) di-
agnosis of an acute stroke (the acute onset of focal neurological 
deficit as a result of underlying cerebrovascular disease, including 
both ischemic and haemorrhagic stroke); (b) age > 30 years; (c) will-
ing to discharge from the hospital to home; and (d) willing to com-
plete the study. The exclusion criteria were: (a) a Mini-Mental State 
Exam (MMSE) score of <24 or significant impairments in cognition; 
(b) severe paralysis, severe aphasia, or communication difficulties; 
(c) inability to speak Japanese; (d) medically unstable or has planned 
surgery; (e) had a past or present history of depression or started 
on antidepressant drug therapy within the past 3 months; (f) taking 
pharmacological treatments for fatigue; and (g) current participation 
in other research studies that might affect fatigue or add a signifi-
cant burden to the participant.

The sample size was anticipated to be achievable in a limited time 
(18 months) available for recruitment in this study. Multiple linear 
regression (MLR) is a common statistical analysis in a multivariate 
model that examines how multiple independent variables are re-
lated to one dependent variable. At least one journal now requires 
a minimum N = 5 per group for statistical analyses. Some research-
ers have been advised to use N = 10–20 per predictor (Curtis et al., 
2015). Path analysis is an extension of multiple regressions. It goes 
beyond regression in that it allows for the analysis of more compli-
cated models (Streiner, 2005). Some researchers have been advised 

to use N = 5 or 20 per estimated parameter (Bentler & Chou, 1987; 
Wolf et al., 2013). Therefore, the sample size calculations based on 
5 minimum numbers of cases per independent variable [Sample size, 
N = (number of predictors) ×  (5 – 20 cases per variable)]. There were 
five main outcomes variables were measured in this study that in-
cluded fatigue, depression, insomnia, sarcopenia, and HRQOL. Thus, 
we pre-specified measured variables for PSF and found that they 
should be less than or equal 6 based on previous studies and the 
current study design. This study purposely selects the 15 cases for 
each variable, and the total of 90 respondents required in this study 
fulfils the suggested sample size of Multiple linear regression and 
path analysis. Considering a 10% dropout rate, the desired sample 
size to be collected was 99.

3.4 | Data collection

This study has three stages. The screening stage (screening stroke 
patients within 2 weeks of admission) involved a review of the 
electronic medical records along with the nurse manager to pre-
determine potentially eligible participants. Then, the nurse manager 
contacted their attending physician to assess whether they did not 
meet any exclusion criteria and obtain permission. The second stage 
involved along with the nurse manager going to the ward to provide 
a detailed verbal explanation of the study to the eligible participants 
and obtained informed consent from the patients or their relatives. 
Finally, the assessment stage was conducted at baseline (acute 
phase: within 2 weeks after admission) and follow-up (patients came 
to the hospital for follow-up at 1 month after discharge).

3.4.1 | Assessment of PSF and course of PSF

Considering a good feasibility, validity, and reliability in measuring 
fatigue in stroke patients (Mead et al., 2007). Fatigue was meas-
ured using the Fatigue Assessment Scale (FAS), which is a 10-item 
self-report scale on the different aspects of fatigue, with responses 
made on a 5-point Likert scale: 1 = never; 2 = sometimes; 3 = regu-
larly; 4 = often; 5 = always (Cumming & Mead, 2017; Michielsen 
et al., 2003). The scale is scored from 10 to 50, with higher scores 
indicating greater fatigue. FAS is easy to complete and has been 
established to be a reliable and valid tool for identifying fatigue in 
various diseases and conditions (Michielsen et al., 2003). FAS has 
been used in 26 different diseases or conditions, including stroke, 
neurologic disorders, and sarcoidosis. In addition, FAS is the only fa-
tigue measurement tool that has a cutoff value for stroke patients 
(Hendriks et al., 2018; Mead et al., 2007; Michielsen et al., 2004; 
Smith et al., 2008), a score of ≥24 indicating post-stroke fatigue 
(Cumming & Mead, 2017).

The course of PSF was classified as follows: no PSF, defined as 
no fatigue (FAS score < 24) at baseline and follow-up; persistent PSF, 
fatigue (FAS score ≥ 24) both at baseline and at follow-up; recovered 
from PSF, with fatigue at baseline but without fatigue at follow-up; 
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and incident PSF, without fatigue at baseline but with fatigue at 
follow-up.

3.4.2 | Demographic, clinical, and stroke 
characteristics

Demographic characteristics included age, sex, and family compo-
sition. Clinical characteristics included medical condition, smoking 
status, alcohol consumption, body mass index, MMSE score, and 
Functional Independence Measure score. Stroke characteristics in-
cluded previous stroke, type of stroke, and length of hospital stay. 
All data were collected from the electronic medical records.

3.4.3 | Assessment of possible pre-stroke risk factors

Pre-stroke sarcopenia was assessed using the SARC-F question-
naire, which is a rapid questionnaire to screen for sarcopenia using 
self-reported information. The SARC-F is comprising 5 assessment 
items: strength, assistance walking, rising from a chair, climbing 
stairs, and falls. (Malmstrom & Morley, 2013). Patients answered 
based on their condition before the stroke. The total SARC-F score 
ranges from 0–10 points, a score of ≥4 were classified as having a risk 
of sarcopenia (Ida et al., 2019), with higher scores indicating higher 
risk of sarcopenia. Pre-stroke fatigue was assessed using a single-
item self-report, and patients who reported fatigue lasting longer 
than 3 months before the stroke were defined as having pre-stroke 
fatigue. Data on pre-stroke sleep disorders were collected from 
electronic medical records.

3.4.4 | Assessment of possible post-stroke risk 
factors and outcomes

The SARC-F questionnaire was used to screen for sarcopenia at 
follow-up, and patients with a score of ≥4 were classified as hav-
ing a risk of sarcopenia (Ida et al., 2019; Malmstrom & Morley, 
2013). Depression was assessed at baseline and follow-up using 
the Hospital Anxiety and Depression Scale- Depression (HADS-D). 
The HADS-D is a Likert scale composed of seven items to which 
patients respond through a 4-point scale (from 0–3) referring to 
overt symptoms (Annunziata et al., 2011), with scores >7 set as a 
cutoff for classifying depression (Hatta & Higashi, 1998; Zigmond 
& Snaith, 1983; Zigmond et al., 1993). The HADS-D showed to be 
a valid instrument to measure the symptom severity of depres-
sion in both primary care patients and in the general population 
(Bjelland et al., 2002). Moreover the HADS-D as one of the most 
widely used screening tools for post-stroke depression has superior 
psychometric properties and clinical utility indices in stroke popula-
tions (Burton & Tyson, 2015). Insomnia was assessed at baseline and 
follow-up using the Insomnia Severity Index (ISI), which is a reliable 
and valid instrument to detect cases of insomnia in the population 

(Morin et al., 2011). The ISI is a 7-item scale used to assess sleep 
quality and insomnia severity over the previous 2 weeks rated on 
a 0–4 scale, and the total score ranges from 0–28. A higher score 
indicates more severe insomnia, with a score of >7 being the cut-
off for classifying insomnia (Bastien et al., 2001; Munezawa et al., 
2009). Health-related quality of life (HRQOL) was assessed using the 
Short Form-8 (SF-8) questionnaire at baseline and follow-up. SF-8 
is an 8-item tool that is commonly used to assess HRQOL and has 
demonstrated acceptable validity and reliability in population stud-
ies. Moreover SF-8 takes less time to complete, appears to be less 
confusing, therefore, likely to be more acceptable to patients (Gulati 
et al., 2009). The eight questions are used to calculate two sum-
mary measure scores: physical component score (PCS) and mental 
component score (MCS), with higher scores indicating better health 
(Fukuhara & Suzukamo, 2004).

3.5 | Ethical considerations

This prospective observational study was approved by the Ethics 
Committee of the Faculty of Health Sciences, Hokkaido University 
(Reference No 18–82,19–80). All participating patients or their rela-
tives provided informed consent.

3.6 | Data analysis

Statistical analyses included univariate, multivariate, and path 
analyses. Continuous variables were presented using means 
and standard deviations or median and range, whereas categori-
cal variables were presented using frequencies and percent-
ages. Normally distributed continuous variables were analysed 
using the Student's t-test and a one-way analysis of variance. 
Meanwhile, non-normally distributed variables were analysed 
using the non-parametric Mann–Whitney U-test and Kruskal–
Wallis with Bonferroni multiple-comparison test. Categorical 
variables were evaluated using the chi-squared test. Significant 
variables in the univariate analysis (with p values < 0.05) 
were included in the baseline simple linear regression model. 
Considering that significant variables at baseline may also affect 
the results of follow-up, not only the significant variables in the 
univariate analysis but also the variables in the baseline linear re-
gression were included in the follow-up simple linear regression 
model. Variables with p values < 0.05 in the simple linear regres-
sion model were entered into the MLR model to determine the 
relationships between these predictors and PSF. All statistical 
analyses were conducted using IBM SPSS Statistics Version 26.0 
(IBM Corp., Armonk, NY, USA). p values <0.05 were considered 
significant.

Path analysis, a form of applied regression analysis, was con-
ducted to evaluate hypothetical relationships between variables 
towards the explanation of PSF after discharge, using the IBM SPSS 
Amos 26.0 (IBM Corp.). The explanatory factors included in the 
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model were selected based on existing literature and our findings 
(variables with p values <0.05 in the MLR). The total PSF score at 
follow-up was entered into the model as the main dependent vari-
able. We used path analysis to identify a model that will capture the 
interactions of fatigue, depression, and insomnia in the acute phase 
and pre-stroke SARC-F in stroke survivors and, in particular, will help 
explain how these factors lead to PSF after discharge. Several steps 
were taken to test the assumptions of the model. If the initial model 
does not fit the data, the model is modified and retested until an 
acceptable fit is achieved. The model fit was assessed using the fol-
lowing criteria: (a) chi-square (χ2) goodness-of-fit statistic (good fit 
if p > 0.05); (b) chi-square degrees of freedom ratio (χ2/df) (good 
fit if <3); (c) the goodness-of-fit index (GFI) (good fit if ≥0.9); (d) the 
Comparative Fit Index (CFI) (good fit if ≥0.9); Tucker–Lewis Index 
(TLI) (good fit if ≥0.9); normed Fix Index (NFI) (good fit if ≥0.9); and 
(e) the root mean square error of approximation (RMSEA) (accept-
able if from 0.06 to 0.08) (Hooper et al., 2008; Hu & Bentler, 1999; 
Schreider et al., 2006). The significance of the direct, indirect, and 
total effects was evaluated with the bootstrap resampling method, 
with 2000 bootstrap samples and 95% confidence intervals around 
the standardized estimates. Effects with p < 0.05 were considered 
significant (Preacher & Hayes, 2008). R-square was used to evaluate 
the variance of each variable explained in the model.

3.7 | Validity, reliability, and rigour

We selected the assessment scales with good validity and reliability 
to ensure the high quality of this study, and this questionnaire was 
checked using a pre-test to establish whether questions are properly 
worded, clear enough to be easily understood by Japanese patients. 
Moreover to ensure that all investigators can understand the survey 
instruments thoroughly, and ask questions in a manner that will con-
vey the same message to respondents, we provided with manuals, 
and all the investigators accepted the training before investigation. 
As part of the field quality control program, when the investiga-
tor was conducting the investigation, a supervisor was present to 
monitor progress in the investigation and take remedial action where 
necessary. Furthermore, recheck was conducted after data input to 
ensure the accuracy of data.

4  | RESULTS

4.1 | Patient characteristics

In total, 104 of the 171 stroke patients who were recruited con-
sented to participate in the study (Figure S1). Of them, 94 patients 
had complete follow-up. The mean patient age was 68.5 (SD 10.0) 
years at baseline, 38% of the patients were women, and 30% were 
living alone. The median length of hospital stay was 16 days (range, 
8–142 days), and the mean FAS scores at baseline and at follow-up 

were 19.4 (SD 6.7) and 18.8 (SD 7.2), respectively. The patient char-
acteristics are presented in Table 1.

4.2 | Prevalence of PSF at baseline and follow-up

In total, 94 stroke survivors were followed up for 1 month after 
discharge. PSF was prevalent in 25.5% of the patients in the acute 
phase (baseline) and in 29.8% at 1 month after discharge (follow-
up). In total, 61.7% of the stroke survivors did not have PSF at all, 
whereas 17.0% of the survivors had PSF at both time points. Overall, 
8.5% of the survivors had fatigue at baseline but recovered at fol-
low-up, while 12.8% of survivors had no PSF at baseline but had PSF 
at follow-up.

4.3 | Factors associated with fatigue at baseline and 
follow-up

Univariate analysis showed a higher proportion of acute phase PSF 
in women (p = 0.019). Previous stroke (p = 0.029) and haemorrhagic 
stroke (p = 0.037) were significantly associated with acute phase 
PSF. Pre-stroke fatigue (p < 0.001) and a higher pre-stroke SARC-F 
score (p = 0.030) were significantly associated with acute phase PSF. 
In addition, depression (p = 0.008) and insomnia (p = 0.001) were sig-
nificantly associated with PSF in the acute phase. Meanwhile, female 
sex (p = 0.047), previous stroke (p = 0.008), depression (p = 0.010), 
and fatigue (p < 0.001) at the acute phase were significantly corre-
lated to PSF after discharge home.

4.4 | Factors associated with FAS score at 
baseline and follow-up

Univariate regression showed that previous stroke (β = 0.21, 
p < 0.001), haemorrhagic stroke (β = 0.32, p = 0.002), pre-stroke 
fatigue (β = 0.61, p = 0.041), higher scores of pre-stroke SARC-F 
(β = 0.32, p = 0.002), depression (β = 0.47, p < 0.001), and insom-
nia (β = 0.47, p < 0.001) were significantly associated with higher 
acute phase FAS scores. Haemorrhagic stroke (β = 0.21, p = 0.048), 
pre-stroke fatigue (β = 0.36, p < 0.001), a higher pre-stroke SARC-F 
score (β = 0.23, p = 0.027), fatigue (β = 0.66, p < 0.001), depres-
sion (β = 0.42, p < 0.001), and insomnia (β = 0.28, p = 0.007) were 
significantly associated with higher FAS scores after discharge 
home. Multiple regression showed that pre-stroke fatigue (β = 0.39, 
p < 0.001), higher scores of pre-stroke SARC-F (β = 0.16, p = 0.034), 
depression (β = 0.21, p < 0.010), and insomnia (β = 0.19, p < 0.023) 
were significantly associated with higher acute phase FAS score. The 
R-square indicated that 50% of the variance in acute phase PSF can 
be explained by this model. Only the FAS score at the acute phase 
(β = 0.64, p < 0.001) was significantly associated with a higher FAS 
score after discharge home. The R-square indicated that 42% of the 
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TA B L E  1   Patient characteristics at baseline and follow-up

Characteristics

Baseline Follow-up

Total 
N = 94 PSF N = 24

No PSF 
N = 70 p-value PSF N = 28

No PSF 
N = 66 p

Demographics

Age, mean years (SD) c  68.5 (10.0) 70.0 (10.1) 68.0 (10.0) 0.412 70.6 (7.5) 67.6 (10.8) 0.193

Sex, Female n (%)a  36 (38) 14 (58) 22 (31) 0.019* 15 (54) 21 (32) 0.047*

Living alone, n (%)a  28 (30) 4 (17) 24 (34) 0.103 6 (21) 22 (33) 0.248

Clinical characteristics

Hypertension, n (%)a  42 (45) 9 (38) 33 (47) 0.412 11 (39) 31 (47) 0.493

Diabetes, n (%)a  24 (26) 3 (13) 21 (30) 0.090 5 (18) 19 (29) 0.266

Cancer, n (%)a  9 (10) 2 (8) 7 (10) 0.811 3 (11) 6 (9) 0.807

Smoking, n (%)a  0.223 0.711

Current 28 (30) 9 (38) 19 (27) 10 (36) 18 (27)

Former 19 (20) 2 (8) 17 (24) 5 (18) 14 (21)

Alcohol drinking, n (%)a  0.251 0.071

Current 47 (50) 9 (38) 38 (54) 9 (32) 38 (58)

Former 4 (4) 2 (8) 2 (3) 2 (7) 2 (3)

MMSE† , median (range)b  28 (25–30) 28 (25–30) 28 (25–30) 0.299 27 (25–30) 28 (25–30) 0.077

BMI, mean (SD)c  24.7 (3.9) 24.7 (4.8) 24.7 (3.6) 0.972 24.1 (3.3) 25.0 (4.2) 0.323

FIM at admission

Total, median (range)b  93 (41–126) 89 (41–126) 96 (43–126) 0.267 93 (41–126) 94 (43–126) 0.921

Motor, mean (SD)c  62.7 (18.3) 60.4 (19.1) 63.5 (18.0) 0.466 63.9 (19.2) 62.2 (18.0) 0.691

Cognitive, median (range)b  33 (16–35) 31 (16–35) 33 (24–35) 0.622 32 (16–35) 34 (22–35) 0.635

Stroke characteristics

Previous stroke, n (%)a  13 (14) 7 (29) 6 (9) 0.029* 4 (14) 9 (14) 0.934

Type of stroke, n (%)a  0.037* 0.191

Ischemic 86 (91) 19 (79) 67 (96) 24 (86) 62 (94)

Hemorrhagic 8 (9) 5 (21) 3 (4) 4 (14) 4 (6)

Paralysis, n (%)a  38 (40) 11 (46) 27 (39) 0.532 12 (43) 26 (39) 0.754

Pre-stroke characteristics

Pre-stroke fatigue, n (%)a  18 (19) 14 (58) 4 (6) <0.001* 10 (36) 8 (12) 0.008*

Pre-stroke sleep disorder, 
n (%)a 

36 (38) 10 (42) 26 (37) 0.694 12 (43) 24 (36) 0.554

Pre-stroke SARC-F, median 
(range)b 

1 (0–7) 2 (0–7) 1 (0–5) 0.030* 2 (0–7) 1 (0–4) 0.137

Post-stroke characteristics

Depression, n (%)a  21 (22) 10 (42) 11 (16) 0.008* 11 (39) 10 (15) 0.010*

Insomnia, n (%)a  50 (53) 20 (83) 30 (43) 0.001* 19 (68) 31 (47) 0.063

Fatigue, n (%)a  — — — — 16 (57) 8 (12) <0.001*

Note: Values are shown as means (SD), median (range), or proportions (%).
Abbreviations: BMI, body mass index; FIM, Functional Independence Measure; MMSE, Mini-Mental State Exam; PSF, poststroke fatigue; SD, 
standard deviation.
aChi-square test. 
bMann–Whitney U test. 
ct-test. 
*Significant association (p < 0.05). 
†Missing 29, n = 65. 
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variance in PSF after discharge home can be explained by this model 
(Table 2).

4.5 | Path analysis

We used path analysis to identify a model that will capture the in-
teractions of pre-stroke sarcopenia, depression, insomnia, and fa-
tigue in stroke survivors and, in particular, will help clarify how 
these factors lead to PSF after discharge home. Based on the ex-
isting literature and our findings (variables found to be signifi-
cantly associated with FAS score in the multiple linear regression), 
a model was hypothesized (Figure S2). This initial model had a poor 
fit: χ2/df = 5.643, p < 0.001, GFI = 0.90, CFI = 0.818, TLI = 0.546, 
NFI = 0.798 and RMSEA = 0.219. The model was thus modified and 
retested until the final model (Figure 1) had an acceptable fit as fol-
lows: χ2/df = 1.482, p = 0.205, GFI = 0.976, CFI = 0.981, TLI = 0.953, 
NFI = 0.947, and RMSEA = 0.072. As shown in Figure 1, pre-stroke 
SARC-F (β = 0.194, p = 0.030), insomnia (β = 0.355, p = 0.000), and 
depression (β = 0.353, p = 0.000) had a significant direct effect on 
acute phase PSF. Acute phase PSF had a significant direct effect on 
PSF after discharge home (β = 0.579, p = 0.001). However, depres-
sion (β = 0.204, p = 0.001), insomnia (β = 0.205, p = 0.001), and pre-
stroke SARC-F (β = 0.112, p = 0.044) only had an indirect association 
with PSF after discharge home through acute phase PSF, (Tables S1 
and S2). The R-square indicated that 43% of the variance in PSF after 
discharge home can be explained by this model.

4.6 | Impact of post-stroke fatigue on short-
term outcomes

The acute phase PSF was significantly associated with fatigue (67% 
versus 17%; p < 0.01), insomnia (71% versus 30%; p < 0.01), higher 
SARC-F scores (2 versus 1; p = 0.026), and lower QOL scores (PCS, 48 
versus 51; p = 0.029; MCS, 46 versus 51; p = 0.006) at 1 month after 
discharge (Table S3). Stroke survivors with persistent PSF included 
a significantly higher proportion of individuals with depression (31% 
versus 5%; p = 0.003), insomnia (81% versus 24%; p = 0.001), and 
sarcopenia (SARC-F score ≥ 4; 44% versus 9%; p < 0.001]) compared 
with survivors who had no PSF. Moreover, those with PSF showed 
a significantly higher SARC-F score (3 versus 1; p < 0.001) and sig-
nificantly lower HRQOL scores (PCS, 43 versus 51; p = 0.046; MCS, 
45 versus 51; p = 0.001) compared with survivors who had no PSF 
(Figure 2). No significant differences were found among the other 
groups (Table 3).

5  | DISCUSSION

This study addressed some evidence gaps regarding the relation-
ships between associated factors and PSF after discharge home. In 
our study, acute phase PSF was an independent predictor of PSF 

after discharge, with direct relationships. Acute phase depression, 
acute phase insomnia, and pre-stroke SARC-F had indirect corre-
lations with PSF after discharge home. This correlation was medi-
ated by acute phase PSF, which also remained a separate predictor 
of acute phase PSF. In this study, PSF was prevalent in 25.5% and 
29.8% of the patients in the acute phase and at 1 month after dis-
charge, respectively. Furthermore, 17.0% of the survivors had per-
sistent PSF, and persistent PSF was significantly associated with 
depression, insomnia, sarcopenia, and a lower HRQOL score. These 
findings provide instrumental scientific data that can be used to 
develop strategies to manage PSF. Furthermore, to the best of our 
knowledge, this is the first study to report that persistent PSF not 
only affects depression, insomnia, and lower HRQOL scores, but is 
also related to sarcopenia.

Our findings in the univariate analyses are consistent with those 
of other studies (van de Port et al., 2007; Lerdal et al., 2011) that 
showed a higher proportion of PSF in women than in men. However, 
several other studies have also reported no sex differences in the in-
cidence of PSF (Appelros, 2006; Naess et al., 2005). In the regression 
analysis, we found no significant difference in the sex distribution 
and FAS score between those with and without PSF. In the univariate 
and multivariate analyses, pre-stroke fatigue was correlated to post-
stroke fatigue, consistent with previous findings (Lerdal et al., 2011). 
There might be numerous potential explanations for this finding, in-
cluding pre-existing disease, poor health, lifestyle factors, vulnera-
bility to stress, and mental health conditions (Kjeverud et al., 2020).

In line with the findings of previous studies (Acciarresi 
et al., 2014; Kjeverud et al., 2020), the bidirectional relationship 
between depression and insomnia played a prominent role in the 
occurrence of PSF. Although fatigue is a characteristic symptom of 
depression, PSF and post-stroke depression also share common risk 
factors, such as functional impairments (MacIntosh et al., 2017). PSF 
can also occur without depression (De Doncker et al., 2018; Ponchel 
et al., 2015). Van der Werf et al. (2001) found that only 38% of pa-
tients with severe fatigue were also depressed. The current study 
showed similar findings, with 41.7% and 32.1% of patients with fa-
tigue being depressed in the acute phase and at 1 month after dis-
charge, respectively. Moreover depression was prevalent in 22.3% 
of the participants in the acute phase and in 12.8% at 1 month after 
discharge. A previous study reported that insomnia occurs in 57% of 
patients in the early months after stroke (Leppävuori et al., 2002). 
The current study showed similar findings, with 53.2% and 40.4% 
of patients having insomnia in the acute phase and at 1 month after 
discharge, respectively.

However, while the prevalence of insomnia was significantly de-
creased at 1 month after discharge, the prevalence of PSF did not. 
PSF can occur without depression and/or insomnia. In this study, we 
found that acute phase PSF had no significant impact on depression 
after discharge. However, fatigue in the acute phase that continued 
to discharge was significantly associated with depression after dis-
charge. Thus, early PSF management can not only prevent PSF, but 
also prevent depression after discharge. Acute phase depression and 
insomnia had direct associations with acute phase PSF. Additionally, 
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acute phase depression and insomnia also had indirect correlations 
with PSF after discharge home, with the correlation mediated by 
acute phase PSF. Collectively, these findings highlight the impor-
tance of management of mental and sleep problems during hospital-
ization in patients with PSF.

A novel finding in our study is that pre-stroke SARC-F score had 
direct correlations with acute phase PSF and indirect correlations 
with PSF after discharge home. Some studies have shown that low 

skeletal muscle mass is strongly associated with fatigue in cancer 
patients (Bye et al., 2017; Wang et al., 2020). Meanwhile, there have 
been no studies on stroke patients. Skeletal muscle mass has been 
reported to be a potential target for reducing fatigue (Al-Majid & 
Mccarthy, 2001; Morgado et al., 2016; Neefjes et al., 2017). A po-
tential explanation for this finding is that reduced skeletal muscle 
mass might induce feelings of tiredness, general weakness, and lack 
of energy, which may in turn lead to fatigue (Neefjes et al., 2013; 

TA B L E  2   Linear regression analyses of the associations between FAS scores at baseline and follow-up

Variables

Baseline Follow-up

Univariate analyses Multivariate analyses†  Univariate analyses Multivariate analyses‡ 

β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p

Sexa  0.15 (−0.73–4.84) 0.150 0.17 (−0.57–5.44) 0.113

Previous 
strokeb 

0.21 (7.51–13.05) <0.001* 0.11 (−0.67–5.05) 0.131 0.06 (−3.00–5.59) 0.551

Type of 
strokec 

0.32 (2.87–12.21) 0.002* 0.09 (−1.68–5.77) 0.278 0.21 (0.06–10.47) 0.048* 0.06 (−2.90–6.15) 0.477

Pre-stroke characteristics

Pre-stroke 
fatigue d 

0.61 (0.16–7.95) 0.041* 0.39 (3.67–9.61) <0.001* 0.36 (2.97–10.01) <0.001* −0.10 (−5.61–1.97) 0.341

Pre-stroke 
SARC-F 
scores

0.32 (0.55–2.29) 0.002* 0.16 (0.06–1.40) 0.034* 0.23 (0.131–2.06) 0.027* 0.01 (−0.78–0.83) 0.945

Post-stroke characteristics

Depression 
scores

0.47 (0.52–1.19) <0.001* 0.21 (0.10–0.69) 0.010* 0.42 (0.46–1.20) <0.001* 0.16 (−0.03–0.67) 0.075

Insomnia 
scores

0.47 (0.34–0.76) <0.001* 0.19 (0.03–0.41) 0.023* 0.28 (0.10–0.60) 0.007* −0.04 
(−0.28–0.18)

0.680

Fatigue 
scores

– – – – 0.66 (0.54–0.88) <0.000* 0.64 (0.45–0.94) <0.001*

Abbreviation: CI, confidence interval.
aSex is coded as female, 1; male, 0. 
bPrevious stroke status is coded as previous stroke, 1; first-ever stroke, 0. 
cType of stroke is coded as hemorrhagic, 1; ischemic, 0. 
dPre-stroke fatigue status is coded as pre-stroke fatigue, 1; non-pre-stroke fatigue, 0. 
*Significant association (p < 0.05). 
†Adjusted R2: 0.502. 
‡Adjusted R2: 0.419. 

F I G U R E  1   Final version of the path model analysis of PSF at 1 month after discharge. ameasured at the acute phase; bmeasured 
at 1 month after discharge; *p<0.05; **p<0.01. Model fitness: χ2/df=1.482; p=0.205; GFI=0.976; CFI=0.981; TLI=0.953; NFI=0.947; 
REMSEA=0.072. Indirect effect: PSF at follow-up<---Pre-stroke SARC-F (β=0.112*); PSF at follow-up <---Depression at baseline 
(β=0.204**); PSF at follow-up <---Insomnia at baseline (β=0.205**)

Pre-stroke SARC-F

Insomnia a

Depression a

PSF a PSF at follow-up b
0.58**0.19*

0.35**

0.35**0.26*

R2 = 0.43R2 = 0.35

0.15
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F I G U R E  2   Follow-up outcomes of the patients with post-stroke fatigue. *Adjusted using Bonferroni correction for multiple tests [Colour 
figure can be viewed at wileyonlinelibrary.com]
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TA B L E  3   Follow-up outcomes of post-stroke fatigue patients

Variables No PSF N = 58
Persistent PSF 
N = 16

Recovery PSF 
N = 8 Incident PSF N = 12 p

Age, mean years (SD)b  67.9 (10.6) 72.2 (7.7) 65.5 (13.2) 68.4 (7.0) 0.384

Sex, Female n (%)a  17 (29) 10 (63) 4 (50) 5 (42) 0.091

Length of hospital stay, median 
days (range)c 

16 (8–142) 15 (9–63) 19 (9–64) 20 (10–78) 0.768

FIM at discharge, median (range)

Totalc  125 (103–126) 122 (113–126) 126 (124–126) 125.5 (103–126) 0.279

Motorc  90 (72–91) 88 (85–91) 91 (89–91) 91 (72–91) 0.120

Cognitivec  35 (26–35) 35 (28–35) 35 (35) 35 (31–35) 0.600

Post-stroke characteristics (follow-up)

Depression, n (%)a  3 (5) 5 (31)‡  0 4 (33)§  0.003*

Insomnia, n (%)a  14 (24) 13 (81)‡  4 (50) 7 (58) <0.001*

Sarcopenia (SARC-F ≥ 4), n (%)a  5 (9) 7 (44)‡  0 5 (42) 0.001*

SARC-F scores, median days 
(range)c 

1 (0–5) 3 (0–8)‡  0.5 (0–3) 3 (0–6) <0.001*

Quality of life, median days (range)† 

PCSc  51 (31–58) 43 (31–52)‡  50 (33–57) 46 (38–55) 0.038*

MCSc  51 (38–58) 45 (31–63)‡  50 (39–55) 46 (35–55) 0.003*

Note: Values are shown as means (SD), median (range), or proportions (%). Abbreviations: FIM, Functional Independence Measure; MCS, mental 
component score; PCS, physical component score; SD, standard deviation. Kruskal-Wallis with Bonferroni multiple-comparison test.
aChi-square test. 
bOne-way ANOVA. 
cKruskal-Wallis. 
*Significant association (p < 0.05). 
†Missing 1, n = 93. 
‡Significant differences between no fatigue versus persistent fatigue. 
§Significant differences between no fatigue versus recovery from fatigue. 

www.wileyonlinelibrary.com
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Wagner & Cella, 2004). It is also worth noting that we found that 
acute phase PSF was associated with a higher SARC-F score after 
discharge but not with sarcopenia after discharge. However, fatigue 
in the acute phase that continue to discharge has a significant impact 
on sarcopenia after discharge. This may be related to the pre-stroke 
SARCF score having direct associations with the acute phase PSF. 
Furthermore, fatigue and low physical function lasted until 1 month 
after discharge. This ultimately leads to a reduction in physical activ-
ity and a decline in the patient's mental and physical function, which 
may in turn cause muscle loss or sarcopenia. Sarcopenia may then 
worsen fatigue and lead to decreased activity and social interaction. 
Moreover the sequelae of sarcopenia may contribute to frailty, de-
creased capacity for independent living, and subsequent increase 
in health care costs (Marcell, 2003; Neefjes et al., 2013; Wagner & 
Cella, 2004). Further research is needed to better understand the 
mechanism underlying the association between PSF and sarcopenia.

A previous study with a mean follow-up of 1.5 years reported 
that 57% of the patients never had PSF, 26% had persistent PSF, 9% 
had recovered PSF, and 8% had incident PSF (Snaphaan et al., 2011). 
Similar findings were found in our study despite a shorter follow-up 
of only 1 month: 61.7% of the stroke survivors did not have PSF at all, 
17.0% of the survivors had persistent PSF, 8.5% of the survivors had 
recovered PSF, and 12.8% of survivors had incident PSF. This may 
indicate that long-term PSF is likely to occur 1 month after discharge 
from the hospital and last for several years. Moreover fatigue within 
2 weeks following stroke was the major risk factor of PSF after dis-
charge. In addition, 17.0% of the stroke survivors had persistent PSF. 
This indicates that fatigue in the acute phase may last until discharge 
home, and PSF after discharge is likely to last for several years. PSF 
itself is not a severe event, but it is the poor outcomes caused by 
PSF that should be carefully managed. Our findings are similar to 
those of earlier studies showing that PSF has a significant impact 
on HRQOL in stroke patients (Chen et al., 2015; Lerdal & Gay, 2013; 
Naess et al., 2006; van de Port et al., 2007; Tang et al., 2010). PSF 
has a significant effect on depression, insomnia, and sarcopenia, and 
these factors may in turn influence the patient's HRQOL. Previous 
studies have shown that a markedly impaired QOL in patients with 
insomnia and sarcopenia (Ishak et al., 2012; Tsekoura et al., 2017). 
Post-stroke depression in the acute phase of stroke is an indepen-
dent predictor of QOL in both the acute and chronic phases of stroke 
(Kim et al., 2018). This study showed that if PSF occurs in the acute 
phase and persists after discharge, it will affect later depression, in-
somnia, sarcopenia, and HRQOL. Thus, future research should focus 
on developing early interventions that improve fatigue before dis-
charge rather than waiting for the fatigue to exert noticeable effects 
on physical and psychological health.

5.1 | Limitations

To the best of our knowledge, this is the first study to identify the 
predictors and short-term outcomes of PSF in the transition from 
hospital to home. However, this study also has some limitations. 

First, the results may be influenced by inclusion bias. We excluded 
patients with severe paralysis, severe aphasia, communication dif-
ficulties, or who were unable to respond to the questionnaire. 
Thus, most of the severe stroke patients in whom the prevalence 
of  fatigue or sarcopenia is higher may have been lost. In addition, 
we do not have data on the direct measure of stroke severity, such 
as the National Institutes of Health Stroke Scale score. Moreover 
given that the symptoms of stroke include paralysis and imbalance, 
we were unable to measure the grip strength and gait speed in all pa-
tients. In addition, pre- and post-stroke sarcopenia were only meas-
ured using the self-report SARC-F questionnaire, which renders the 
measure vulnerable to recall bias. Furthermore, the sample size of 
this study, particularly that of the sarcopenia group, was relatively 
small. Although the sample size was calculated based on statistical 
methods, it may also make it difficult to determine if this outcome is 
a true finding. Thus, studies with larger sample sizes are needed to 
confirm our findings.

Despite these limitations, the present study has important im-
plications for health professionals and future studies because of 
the high prevalence of PSF, its adverse effect in stroke survivors, 
and its importance for rehabilitation and outcomes. PSF is gaining 
increasing attention and is now evaluated in several guidelines for 
stroke practice (Eskes et al., 2015; Lanctôt et al., 2019; Winstein 
et al., 2017). However, research in this area remains scant, and 
thus, effective treatment modalities and/or management strate-
gies for PSF are yet to be established (Ponchel et al., 2015; Wu, 
Kutlubaev et al., 2015; Wu, Mead et al., 2015). To the best of our 
knowledge, this is also the first study to analyse the interactions 
of pre-stroke sarcopenia, acute phase depression, acute phase 
insomnia, and acute phase fatigue with the occurrence of PSF 
after discharge home. Moreover PSF at the acute phase may last 
until discharge home, and PSF after discharge is likely to last for 
several years. Thus, health professionals need to pay attention to 
the subjective experience of PSF in clinical practice and provide 
timely assessment and interventions during hospitalization. Our 
data provide evidence that can be useful for achieving this goal 
and preventing later perceptible effects on physical and psycho-
logical health. In the field of research, this evidence could help 
clarify the mechanisms of PSF and develop new interventions for 
its management.

6  | CONCLUSIONS

In this study, 17.0% of stroke survivors had persistent PSF. Persistent 
PSF is not only associated with depression, insomnia, and lower 
HRQOL scores, but also with sarcopenia. Acute phase PSF was an 
independent predictor of PSF after discharge home. In addition, the 
interaction with acute phase depression, acute phase insomnia, and 
pre-stroke SARC-F had an indirect connection with post-stroke fa-
tigue after discharge home, which remains a separate predictor of 
acute-phase post-stroke fatigue. These findings indicate that early 
assessment and management of mental status, sleep problems, and 
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sarcopenia during hospitalization might be an important step in post-
stroke rehabilitation and home transition.
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