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Background: Post-stroke fatigue is a common symptom after stroke. However, studies
on the factors associated with early and late fatigue are scarce. The objective of this
study was to identify variables associated with early and late fatigue.

Methods: In the German Stroke Cohort Augsburg (SCHANA) study, participants were
interviewed during their hospital stay and completed a postal questionnaire 3 and 12
months post-stroke. Fatigue was assessed using the Fatigue Assessement Scale (FAS).
In addition, depression was measured by the Patient Health Questionnaire (PHQ-9),
general health status by the EQ-5D visual analog scale, and physical activity by the
International Physical Activity Questionnaire (IPAQ). Multivariable regression models were
used to determine the associations between FAS scores at 3 and 12 months post-stroke
and demographic, psychosocial and health-related covariables.

Results: Among 505 participants, the frequency of fatigue was 31.1% 3 months and
29.1% 12 months post-stroke. Prior stroke (3 = 2.37, p = 0.0076), prior diagnosis of
depression (B = 5.04, p = 0.0001), higher NIHSS (3 = 0.25, p = 0.0360) and higher
PHQ-9 scores (3 = 0.55, p < 0.0001) were significantly associated with higher fatigue
levels 3 months post-stroke. Additionally, younger age (B = —0.07, p = 0.0219), a worse
rating of general health at baseline (3 = —0.04, p = 0.0287) and low pre-stroke physical
activity (3 = —0.0004, p = 0.0089) were significantly associated with higher fatigue levels
12 months after stroke.

Conclusions: Fatigue is a common and persisting symptom even in patients with mild
impairment. Prior depressive disorder and early depressive symptoms were the most
relevant predictors of both early and late fatigue.
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INTRODUCTION

Stroke is a major cause of disability and a wide range of mental,
physical and behavioral impairments (1-4). Fatigue was found
to be one of the most common symptoms after stroke with
reported prevalences ranging between 25 and 85% depending
on study design, time point and methods of assessment (5).
Initially, fatigue was considered to be a symptom of post-
stroke depression, but meanwhile scientific evidence supports
that fatigue occurs also in persons without depression and led to
the definition of a “post-stroke fatigue syndrome” (6).

Fatigue can be divided in early (up to 3 months post-stroke)
and late (over 3 months post-stroke) fatigue and three patterns
of the temporal course of fatigue can be described, namely
persistent fatigue, recovered fatigue and late onset fatigue (7).
Most longitudinal studies report consistent fatigue levels over 1-3
years (8-12) and early fatigue was shown to be a strong predictor
of late fatigue in a few studies (13, 14).

However, the reasons, why patients develop fatigue are largely
unknown. A number of factors which may be associated with
fatigue have been discussed, such as age, gender, comorbid
disorders, physical deconditioning, stroke characteristics,
neurological or biological factors. So far, available study results
on factors associated with fatigue are conflicting (7, 15-17).
Moreover, it was hypothesized that the factors associated with
early and late fatigue may be different (16). However, only a few
studies with small sample sizes have addressed this topic and had
controversial findings (13, 18). Thus, further methodologically
sound studies are needed to clarify the possible determinants of
both, early and late fatigue.

Consequently, the objectives of the present analysis were to
determine the frequency of early and late fatigue and to identify
variables associated with early and late fatigue in patients from
the Stroke Cohort Augsburg (SCHANA).

MATERIALS AND METHODS

Study Design

The present study uses data from the Stroke Cohort Augsburg
(SCHANA), an observational single center cohort study, carried
out as collaboration between the Chair of Epidemiology and
the Department of Neurology and Clinical Neurophysiology
at the University Hospital Augsburg. The cohort includes 945
patients aged 18 years and older with a confirmed ischemic or
hemorrhagic stroke who were treated at the University Hospital
Augsburg between September 2018 and November 2019.

After inclusion in the study, a standardized questionnaire
was completed by the participants themselves or during a
personal interview by a trained study nurse after the acute
stroke event during their hospital stay. If the participant
was not able to provide a self-report, proxy interviews were
performed. Clinical data were extracted from the participants’
medical record. Three and 12 months after the stroke event, the
study participants received postal questionnaires for follow-up.
Additional information about the SCHANA study can be found
in the published study protocol (19).

The study was performed in accordance to the Declaration
of Helsinki. Ethical approval was obtained from the ethics
committee of the Ludwig-Maximilians-Universitit Miinchen
(Reference Number: 18-196). Written informed consent was
obtained from all participants or legal caregivers.

Survey Data

The baseline questionnaire included information on socio-
demographics, disease history, and smoking behavior.
Standardized questionnaires were used to assess physical
activity, general health status and depressive symptoms. The
follow-up questionnaires 3 and 12 months after the stroke event
additionally contained questionnaires to assess fatigue and
stroke-specific health-related quality of life (see Table 1).

Clinical Data

Information on prior diseases and stroke severity collected
by chart review were included in the present data analysis.
A modification of the Charlson Comorbidity Index (mCCI)
was built to assess multimorbidity (37). If more than one
additional disease contained in a list of relevant diseases (e.g.,
hypertension, coronary heart disease, diabetes mellitus) was
diagnosed, multimorbidity was ascertained (38, 39).

The degree of functional impairment post-stroke was assessed
by the modified Rankin Scale (mRS), which ranges from zero (no
symptoms) to six (dead). The mRS is deemed a valid and reliable
instrument for stroke patients (40).

The National Institute of Health Stroke Scale (NIHSS)
assesses stroke severity by the number of clinical symptoms
after the stroke event. Higher total scores indicate more severe
neurological symptoms (41, 42).

Statistical Analysis

A descriptive analysis of the total sample characteristics stratified
by the different fatigue levels was performed. Multiple linear
regression models were used to determine associations between
fatigue and a number of possible predictors and covariables.
The covariables were selected according to the directed acyclic
graph (DAG) method using the “DIA” diagram editor (Version
0.97.2). The DAG is a method to identify relevant covariables
from literature and prior studies. The resulting DAG showed
associations between fatigue and a number of covariables such
as gender, age, prior stroke, multimorbidity, cardiovascular
comorbidities, physical activity, general health status, depression,
stroke severity and HRQOL.

The assumptions for multivariable linear regression analyses
were tested using scatterplots to confirm linearity of associations,
normal distribution of the residuals and homoscedasticity. Cook’s
distances and leverage diagnostic plots were used to check
for leveraging outliers. Variance inflation factors were used
to identify multicollinearity and Durbin Watson tests were
calculated to describe autocorrelation. Interaction effects of age,
gender, NIHSS, mRS and multimorbidity were tested, but were
not statistically significant. For statistical tests an alpha level of
0.05 was defined. Statistical analyses were conducted using SAS®
Version 9.4.
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TABLE 1 | Summary of the standardized questionnaires used in the study.

Questionnaire Time points Number of Score Interpretation Classification References
items minimum-maximum
Fatigue Assessment Scale 3 and 12 months 10 10-50 Higher score = more  <24: no fatigue; 24-35: (20-22)
(FAS) fatigue moderate fatigue; >35: high level
of fatigue
Patient Health Baseline, 3 and 12 9 0-27 Higher score = more <5: no depression; 5-10: mild (23-27)
Questionnaire (PHQ-9) months symptoms of depression;10-14: moderate
depression depression; 15-19: moderately
severe depression; 20-27:
severe depression
International Physical Baseline 7 0—not defined; Total Higher score = higher - (28-30)
Activity Questionnaire metabolic equivalent physical activity
(IPAQ) time
(MET)—minutes/week
European Quality of Life Baseline, 3 and 12 1 0-100 Higher score = better - (31, 32)
Questionnaire Visual months health status
Analog Scale
(EQ-5D-VAS)
Stroke Impact Scale (SIS) 3 and 12 months 64 0-100 Higher score = better - (33-36)

quality of life

RESULTS

Sample Characteristics

From the 945 participants of the SCHANA study, 585 (61.9%)
responded to the survey 3 months post-stroke and 533 (56.4%)
responded to the survey at 12 months. Participants with data
available from both surveys (n = 505, 53.4%) were included in
the present analysis.

Baseline information of participants who were excluded from
this analysis due to missing follow-up surveys was compared
with the included participants in order estimate a potential
selection bias. Excluded participants were significantly older, less
likely to be married and more likely to have a prior stroke
or a prior diagnosis of depression than included participants.
Significantly higher NHISS and mRS scores indicate that they had
amore severe stroke. Moreover, excluded participants had higher
PHQ-9 scores (indicating more depressive symptoms) and lower
EQ5D-VAS scores (indicating a worse general health status) in
comparison with those included in the present analysis.

Characteristics of the entire cohort can be found in
Supplementary Table 1. Characteristics of the analysis sample
are shown in Table 2. The study population consisted of 293
(58.0%) men and 212 (42.0%) women with a mean age of
68.7 £ 12.3 years. Most of them (n = 489, 96.8%) had an
ischemic stroke and 404 (79.6%) had a first-ever-stroke. At
admission the median NIHSS score was 1.0 and the median
mRS score was 2.0. Multimorbidity was common in 78.8% of
the participants, with hypertension being the most frequent
concomitant disease in 81.4%. A prior diagnosis of a depressive
disorder was documented in the medical chart in 50 (9.1%) of
the participants.

Participants with more severe fatigue were significantly more
likely to have had a prior stroke, a prior diagnosis of a depressive
disorder, higher NIHSS and mRS scores at admission and
discharge, more depressive symptoms (PHQ-9) and a worse

general health status (EQ-5D VAS) than participants with less
severe fatigue (see Table 2).

Frequency of Early and Late Fatigue

Three months post-stroke, 31.1% of the participants reported to
have moderate (25.6%) or severe (5.5%) fatigue (see Table 3).
After 12 months the proportion of participants with fatigue was
29.1%, with 22.4% reporting moderate fatigue and 6.7% with
a severe level of fatigue. Considering the temporal course, in
most of the participants with fatigue at 3 months (n = 157)
it persisted from 3 to 12 months (n = 96), whereas n = 61
recovered. Late onset fatigue 12 months after stroke was present
in 51 participants (10.1% of all participants).

Baseline Variables Associated With Fatigue
3 and 12 Months Post-stroke

The multivariable linear regression model of the FAS score 3
months post-stroke is shown in Table 4. Independent variables
were gender, age, prior stroke, NIHSS and mRS scores at
admission, multimorbidity, prior depressive disorder, PHQ-9,
EQ-5D VAS and IPAQ total MET-minutes/week assessed at
baseline. The variables explained 17% (adjusted R?) of the FAS
variance. Prior stroke was significantly (8 = 2.37, p = 0.0076)
related with more fatigue, as well as higher NIHSS scores at
admission (8 = 0.25, p = 0.0360). The absence of a prior
diagnosis of a depressive disorder (8 = —5.04, p = 0.0001)
and lacking information on a prior diagnosis of a depressive
disorder in the medical chart (8 = —3.83, p = 0.0027) were
both significantly associated lower FAS scores indicating lower
fatigue levels. In addition, higher PHQ-9 scores indicating more
symptoms of depression, were significantly (8 = 0.55, p <
0.0001) associated with a higher level of fatigue.

The regression model of the FAS score 12 months post-stroke
showed that the independent baseline variables explained 23%
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TABLE 2 | Sample characteristics, total sample and stratified by fatigue severity at 3 months post-stroke (n, %).

Variable n Total (n = 505) No fatigue® Moderate fatigue® Severe fatigue® (n = 28, P-value?
(n = 348,68.9%) (n =129, 25.5%) 5.6%)

Sociodemographic

characteristics

Gender 505

Male 293 (58.0) 212 (60.9) 65 (50.4) 16 (57.1) 0.1168

Female 212 (42.0) 136 (39.1) 64 (49.6) 12 (42.9)

Age (in years), [mean (SD)] 505 68.7 (12.3) 69.3 (12.2) 67.44 (13.0) 66.64 (11.0) 0.0984

Married 505 338 (69.1) 235 (69.3) 83 (66.4) 20 (80.0) 0.4013

Education (>9 years) 505 208 (42.5) 147 (43.4) 53 (42.4) 8(32.0) 0.5403

Health-related characteristics

Ischemic stroke 505 489 (96.3) 339 (97.4) 124 (96.1) 26 (92.9) 0.3612

Hemorrhagic stroke 504 16 (3.2) 9(2.6) 5(3.9) 2(7.1) 0.3639

Prior stroke 505 101 (20.4) 60 (17.2) 34 (26.4) 9(32.1) 0.0255

Multimorbidity 505 398 (78.8) 272 (78.2) 107 (83.0) 19 (67.9) 0.1808

Diabetes mellitus 502 111 (22.1) 77 (22.3) 27 (20.9) 7 (25.0) 0.8830

Hypertension 505 411 (81.4) 281 (80.8) 110 (85.3) 20 (71.4) 0.2007

Smoking 505 0.8205

Current smoker 65 (12.9) 42 (12.1) 19 (14.7) 4(14.2)

Ex-smoker 219 (43.4) 148 (42.5) 59 (45.8) 12 (42.9)

Never smoker 221 (43.7) 158 (45.4) 51 (39.5) 12 (42.9)

Prior diagnosis of depressive 505 <0.0001

disorder

Yes 50 (9.9) 20 (5.8) 21(16.3) 9(32.2)

No 186 (36.8) 138 (39.7) 42 (32.6) 6(21.4)

No information 269 (53.3) 190 (54.6) 66 (51.1) 46 (46.4)

Stroke severity 494 1.0 (0.0; 4.0) 1.0(0.0; 3.0 2.0(1.0; 4.0) 4.0 (1.0; 8.0) 0.0022

NIHSS admission [median (Q1; Q2)]

NIHSS discharge [median (Q1; Q2)] 441 0.0 (0.0; 1.0) 0.0(0.0; 1.0) 0.0 (0.0; 1.0) 1.0 (0.0; 5.0) 0.0025

mRS admission [median (Q1; Q2)] 495 2.0(1.0; 3.0) 2.0(1.0; 3.0) 2.0(1.0; 8.0) 3.5(2.0; 4.0) 0.0034

mRS discharge [median (Q1; Q2)] 493 1.0 (0.0; 2.0 1.0(0.0; 2.0) 1.0(0.0; 2.0 2.0 (0.0; 4.0 0.0039

Symptoms of depression (PHQ-9) 478 4.7 (4.2) 3.7 (3.4) 6.8 (4.6) 8.0 (5.9 <0.0001

[mean (SD)]

General health status (EQ-5D VAS) 489 62.8 (21.1) 66.0 (20.1) 56.6 (21.0) 50.0 (23.0) <0.0001

[mean (SD)]

Physical activity (IPAQ Total 431 2,330.8 (2827.2) 2,443.0 (2928.5) 2,146.7 (2594.0) 1,686.8 (2446.9) 0.1543

MET-minutes/week) [mean (SD)]

aFatigue Assessment Scale score < 24.

b Fatigue Assessment Scale score 24-35.

CFatigue Assessment Scale score > 35.

9Test of differences between no, moderate and severe fatigue.

NIHSS, National Institute of Health Stroke Scale; mRS, Modified Rankin Scale; PHQ, Patient Health Questionnaire; EQ-5D VAS, EuroQol 5D Questionnaire, Visual Analog Scale; IPAQ,

International Physical Activity Questionnaire; MET, Metabolic Equivalent Time.

(adjusted R?) of the FAS variance. Similar to the regression model
for 3 months post-stroke, prior stroke, NTHSS at admission, prior
depressive disorder and PHQ-9 were significantly associated with
the FAS score (see Table 4). In addition, younger age (8 = —0.07,
p = 0.0219), a worse rating of general health at baseline (8 =
—0.04, p = 0.0287) and low pre-stroke physical activity (8 =
—0.0004, p = 0.0089) were significantly associated with higher
fatigue levels.

When adding the FAS score at 3 months as an additional
independent variable to the model, the explained variance
increased to 38% (adjusted R?). The FAS score at 3 months was

significantly associated with the FAS at 12 months (8 = 0.46, p <
0.0001) (see Supplementary Table 2).

In the regression models NIHSS and mRS at admission
were replaced by the same variables at discharge in order to
check for any differences. However, the results did not change.
NIHSS remained significant, whereas mRS did not. Thus, the
information from admission was included in the final models.

Since the PHQ-9 includes one item requesting tiredness,
the regression models were additionally calculated with a PHQ
score which excludes this item. Both scores were strongly
correlated (Pearson r = 0.98, p < 0.0001). The results of the
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TABLE 3 | Frequency of fatigue 3 and 12 months post-stroke [n (%)].

12 months post-stroke

3 months post-stroke No fatigue?® Moderate fatigue® Severe fatigue® Total
No fatigue 297 (58.8%) 50 (9.9%) 1(0.2%) 348 (68.9%)
Moderate fatigue 58 (11.5%) 56 (11.1%) 15 (3.0%) 129 (25.6%)
Severe fatigue 3(0.6%) 7 (1.4%) 18 (3.6%) 28 (5.5%)
Total 358 (70.9%) 113 (22.4%) 34 (6.7%) 505 (100%)
aFatigue Assessment Scale score < 24.
b Fatigue Assessment Scale score 24-35.
CFatigue Assessment Scale score > 35.
TABLE 4 | Multivariable linear regression model of fatigue (Fatigue Impact Scale score) 3 and 12 months post-stroke (n =422).

3 months post-stroke 12 months post-stroke
Variable Reference Beta 95% CI p-value Beta 95% CI p-value
Intercept 25.80 19.47,32.18 <0.0001 25.41 18.83; 31.99 <0.0001
Gender (male) Female 0.17 —1.25; 1.59 0.8128 0.32 —1.15; 1.80 0.6655
Age —0.05 —0.11; 0.01 0.0899 —0.07 —0.14; 0.01 0.0219
Prior stroke (yes) No 2.37 0.63; 4.10 0.0076 2.77 0.97; 4.57 0.0026
NIHSS at admission 0.25 0.02; 0.49 0.0360 0.27 0.03; 0.52 0.0279
mRS score 1 Score 0 -1.37 —3.77; 1.02 0.2603 -0.32 —2.81;2.17 0.8010
mRS score 2 Score 0 —0.56 —2.75; 1.63 0.6172 1.72 —0.56; 4.00 0.1380
mRS score 3 Score 0 —0.08 —2.49; 2.33 0.9491 0.47 —2.04;2.98 0.7131
mRS scores 4 + 5 Score 0 —-1.17 —3.88; 1.53 0.3933 1.15 —1.66; 3.96 0.4226
Multimorbidity (yes) No 0.33 —1.39; 2.05 0.7094 1.58 —0.20; 3.37 0.0819
Prior depressive disorder (no) Yes —5.04 —7.59; —2.49 0.0001 —3.35 —6.00; —0.70 0.0135
Prior depressive disorder (no information) Yes -3.83 —-6.32; —1.33 0.0027 -3.05 —5.64; —0.46 0.0212
Symptoms of depression (PHQ-9) 0.55 0.37;0.72 <0.0001 0.63 0.45; 0.82 <0.0001
General health status (EQ-5D VAS) —0.01 —0.05; 0.02 0.4704 —0.04 —0.08; 0.01 0.0287
Physical activity (IPAQ Total MET-minutes/week) —0.0001 —0.0003; 0.0001 0.3263 —0.0004 —0.0006; 0.00009 0.0089

Cl, Confidence interval; NIHSS, National Institute of Health Stroke Scale; mRS, Modified Rankin Scale, reference: score 0 = no symptoms; higher scores indicate higher severity; PHQ,
Patient Health Questionnaire; EQ-5D VAS, EuroQol 5D Questionnaire, Visual Analog Analogue Scale; IPAQ, International Physical Activity Questionnaire; MET, Metabolic Equivalent Time.

regression models were similar (see Supplementary Table 3).
The association of the modified PHQ with fatigue was also highly
significant (3 months: = 0.59, p < 0.0001; 12 months: 8 = 0.72,
p < 0.0001).

Cross-Sectional Associations With Fatigue
3 and 12 Months Post-stroke

Table 5 shows the significant association between dichtomized
FAS and PHQ scores (fatigue yes/no, depression yes/no). A
total of 14.8% (3 months) and 16.3% (12 months) of the
participants have both depression and fatigue. Three months
post-stroke, participants with depression had a 30.91-fold odds
[95% confidence interval (CI) 15.31-62.41] to also have moderate
to severe levels of fatigue, compared to participants without
depression. Twelve months post-stroke, the odds were still high
with an odds ratio of 21.32 (95% CI 12.22-37.18). However,
among the participants with fatigue, 44.2% (3 months) and
52.2% (12 months) did not reach PHQ-9 scores indicating a
depressive disorder.

In the cross-sectional regression models, SIS, PHQ-9 and EQ-
5D VAS measured at 3 or 12 months, respectively, were included
as independent variables. The regression model of fatigue at 3
months post-stroke showed that higher PHQ-9 scores (£ = 0.68,
p < 0.0001) indicating more depressive symptoms and lower
EQ-5D VAS scores (8 = —0.06, p = 0.0203) indicating a worse
health status were significantly and independently associated
with higher fatigue levels (see Table 6). Similarly, these variables
were significant in the model calculated for fatigue at 12 months
post-stroke. Additionally, in the 12 months-model a significant
association between communication problems (SIS) and fatigue
was found (8 = —0.14, p = 0.007).

Exclusion of the PHQ from the models changed the results. In
the regression model for fatigue at 3 months post-stroke, the SIS
domains communication (8 = —0.12, p = 0.0036), emotion (3
= —0.08, p = 0.0033) and participation (8 = —0.05, p = 0.0350)
were significantly associated with the level of fatigue. Similarly, in
the regression model at 12 months post-stroke the SIS domains
communication (§ = —0.16, p = 0.0001) and emotion (8§ =
—0.11, p < 0.0001) emerged as significantly related variables.
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DISCUSSION

The present study showed that about one third of participants
experienced fatigue 3 or 12 months after the stroke event. This
frequency is at the bottom of the range between 25 and 85%
reported by a meta-analysis (5). However, since the present study
sample mainly consisted of patients with mild impairment, the
prevalence of fatigue among these patients seems alarmingly
high. Moreover, the present study confirmed that most of the
patients have persistent fatigue and that early fatigue is a strong
predictor of late fatigue (11, 13). Depression (prior diagnosis
of a depressive disorder, high baseline PHQ-9 scores) was the
main contributor to higher levels of fatigue 3 and 12 months
post-stroke, besides prior stroke and higher NIHSS scores.
Additionally, younger age, a worse rating of general health at
baseline and low pre-stroke physical activity were significantly
associated with higher fatigue levels 12 months after stroke.

Two predictors related to depression (high baseline PHQ-
9 and prior depressive disorder) were strongly associated with
fatigue in our sample. Two previous systematic reviews including

TABLE 5 | Associations between presence of fatigue and depressiveness 3 and
12 months post-stroke.

FAS
PHQ-9 No fatigue? Fatigue® Total
3 months post-stroke
No depression® 338 (66.9%) 82 (16.3%) 420 (83.2%)
Depression? 10 (2.0%) 75 (14.8%) 85 (16.8%)
Total 348 (68.9%) 157 (31.1%) 505 (100%)
12 months post-stroke
No depression 338 (66.9%) 65 (12.8%) 403 (79.8%)
Depression 20 (4.0%) 82 (16.3%) 102 (20.2%)
Total 358 (70.9%) 147 (29.1%) 505 (100%)
aScore < 24.
bScore > 24.
¢Score < 9.
9Score >9.

FAS, Fatigue Assessment Scale; PHQ-9, Patient Health Questionnaire 9 Iltem Version.

98 (17) and 35 observational studies (43), and a narrative review
(16) have reported a similar relationship between depression and
fatigue after stroke. Since some of the instruments to measure
depression also include items assessing fatigue, Wu et al. (43)
performed a sensitivity analysis on studies using instruments
without fatigue items, but the results were not significantly
different. The same was found in the sensitivity analyses of the
present study, when eliminating the fatigue item from the PHQ-9
score. The role of a prior depressive disorder was only considered
in a few studies so far. Consistent with the present study, Naess et
al. (9) found that pre-stroke depression was significantly related
with fatigue, whereas Snaphaan et al. (13) did not.

So far, there is no consistent evidence that neurological stroke
characteristics were related with fatigue (16, 17). Prior stroke was
significantly associated with fatigue in only four out of 28 studies
included in a systematic review of 98 observational studies (17).
The small numbers of patients with prior stroke in these studies
may have contributed to this lack of consistency. Similarly, a
review indicated no significant association of stroke severity and
fatigue in 8 out of 10 published studies (7). Two studies found an
association of stroke severity at admission and fatigue 6 months
after stroke, however, confounding effects of depression and
anxiety were not considered (18, 44). In contrast, the present
study demonstrated that higher NIHSS scores at admission were
significantly and independently associated with higher levels of
fatigue 3 and 12 months post-stroke.

Of interest, the finding that pre-stroke physical activity was
inversely related with fatigue 12 months post-stroke has not been
reported so far. However, it is in line with other results from the
SCHANA study, which showed that pre-stroke physical activity
was significantly associated with physical HRQOL 3 months
post-stroke (45).

It is essential to mention, that the variance of the FAS score
explained by the predictors ranged between 17 and 23%. Thus,
additional factors seem to contribute to the development and
maintenance of fatigue. Biological factors such as inflammatory
processes may play an important role specifically for the
development of early fatigue, but have not been extensively
studied (46). In the present study the psychosocial and clinical
variables included, explained more variance of late fatigue than

TABLE 6 | Multivariable linear regression model of fatigue (Fatigue Impact Scale score) at 3 and 12 months post-stroke (n =448).

3 months post-stroke (adjusted R? = 0.33)

12 months post-stroke (adjusted R? = 0.52)

Variable Beta 95% CI p-value Beta 95% CI p-value
SIS communication —0.08 —0.16; 0.002 0.0553 -0.14 —0.22; —0.06 0.0007
SIS memory/cognition —0.01 —0.09; 0.06 0.7145 —0.03 —0.10; 0.04 0.3800
SIS emotion —0.003 —0.06; 0.05 0.9205 —0.03 —0.08; 0.02 0.2207
SIS participation —-0.02 —0.07; 0.02 0.2988 0.02 —0.02; 0.05 0.3889
SIS physical 0.05 —0.02; 0.11 0.2020 0.01 —0.05; 0.07 0.8080
Symptoms of depression (PHQ-9) 0.68 0.42; 0.93 <0.0001 0.70 0.49; 0.90 <0.0001
General health status (EQ-5D VAS) —0.06 —0.11; 0.01 0.0203 —0.07 —0.11; 0.03 0.0011
Cl, Confidence interval; PHQ, Patient Health Questionnaire; EQ-5D VAS, EuroQol 5D Questionnaire, Visual Analog Scale.

Models were adjusted for age, gender, prior stroke, prior diagnosis of depression and NIHSS at admission.
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of early fatigue and additional factors such as younger age,
pre-stroke physical activity and early post-stroke general health
status significantly determined late fatigue but not early fatigue.
These findings may support the hypothesis, that early fatigue
is triggered by biological factors whereas psychosocial factors
and post-stroke impairments contribute to the maintenance of
late fatigue (16, 43). The determination of predictors which
contribute to the development of early and late fatigue is essential
since it enables an early identification of persons who are at risk
of developing fatigue. Early screening for risk factors, specifically
for prior or current depression and physical inactivity, by health
care professionals in the rehabilitation setting may facilitate an
early start of interventions. Similar to post-stroke depression (47)
studies providing sufficient evidence as to whether a screening
for fatigue can reduce patient burden or improve outcomes and
what appropriate instruments to assess fatigue are, are missing
so far. Moreover, the role of biological processes which seem to
trigger the development of early fatigue is still underinvestigated
and should accompany research on psychosocial factors that
contribute to long-term fatigue.

A major strength of the present study is its large sample
size and the prospective longitudinal design which enabled an
analysis of both early and late fatigue. A number of relevant
covariables, which have been selected by methodologically
sound techniques, were included in the multivariable analyses.
Some of them, e.g., pre-stroke depression diagnosis and
physical activity, were rarely considered in previous studies.
Fatigue was assessed using a psychometrically well-tested and
sound instrument.

However, some limitations should be considered. First, study
data was derived from a single university hospital in Southern
Germany, which may limit external validity. Second, there
is an underrepresentation of severely affected participants in
the study sample, since a number of hospitalized patients
declined their participation and 47% of the study participants
did not respond to the follow-up surveys. Participants who
were lost to follow-up might also have high levels of fatigue.
Thus, the prevalence of fatigue in the study sample might
have been underestimated. Although it is unclear how many
participants were not able to respond to the questions
themselves, it is expected that most of the participants were
able to complete the questionnaires, since the sample was
characterized by mild impairments. However, the use of proxy
data might have led to an overestimation of fatigue and
other subjective impairments (48). Furthermore, the PHQ-9
questionnaire used to assess depression contained one item on
fatigue, which might have distorted the association between
depression and fatigue. However, sensitivity analyses did not
reveal any biases.

In summary, the present study showed that fatigue is
a common and persisting symptom even in participants

REFERENCES

1. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al.
Global, regional, and national burden of stroke: a systematic analysis for

with mild impairment. Prior depressive disorder and early
depressive symptoms were the most relevant predictors of
both early and late fatigue. Since prior depression was rarely
considered in previous studies, it seems important to include
it in future trials. However, the study also indicated that
different factors may contribute to the development of early
vs. late fatigue. Thus, further studies are needed to increase
the knowledge about contribution and interplay of biological
and psychosocial factors for the development of early and
late fatigue.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the Ludwig-Maximilians-
Universitit Miinchen (Reference Number: 18-196). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

IK:  conceptualization, —methodology, formal analysis,
and writing—original draft. FW: formal analysis and
writing—original draft. JL and MN: conceptualization,
resources, supervision, and writing—review and editing.
PZ and ME: conceptualization, investigation, and
writing—review and editing. CM: conceptualization,

investigation, supervision, and writing—review and editing.
All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The authors are grateful to all members of the
Department of Neurology and Clinical Neurophysiology
at the University Hospital Augsburg and the Chair
of Epidemiology, University of Augsburg, for their
support. Moreover, we express our appreciation to all
study participants.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2022.852486/full#supplementary-material

the Global Burden of Disease Study 2016. Lancet Neurol. (2019) 18:439-
58. doi: 10.1016/S1474-4422(19)30034-1

2. Robinson RG, Jorge RE. Post-stroke depression: a review. Am | Psychiatry.
(2016) 173:221-31. doi: 10.1176/appi.ajp.2015.15030363

Frontiers in Neurology | www.frontiersin.org

March 2022 | Volume 13 | Article 852486


https://www.frontiersin.org/articles/10.3389/fneur.2022.852486/full#supplementary-material
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1176/appi.ajp.2015.15030363
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Kirchberger et al.

Factors Associated With Post-stroke Fatigue

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Rafsten L, Danielsson A, Sunnerhagen KS. Anxiety after stroke: a

systematic review and meta-analysis. J Rehabil Med. (2018) 50:769-
78. doi: 10.2340/16501977-2384

. Mansfield A, Inness EL, Mcilroy WE. Stroke. Handb Clin Neurol. (2018)

159:205-28. doi: 10.1016/B978-0-444-63916-5.00013-6

. Cumming TB, Packer M, Kramer SE English C. The prevalence of fatigue

after stroke: a systematic review and meta-analysis. Int ] Stroke. (2016)
11:968-77. doi: 10.1177/1747493016669861

. Ingles JL, Eskes GA, Phillips SJ. Fatigue after stroke. Arch Phys Med Rehabil.

(1999) 80:173-8. doi: 10.1016/S0003-9993(99)90116-8

. Wu S, Mead G, Macleod M, Chalder T. Model of understanding fatigue after

stroke. Stroke. (2015) 46:893-8. doi: 10.1161/STROKEAHA.114.006647

. Andersen G, Christensen D, Kirkevold M, Johnsen SP. Post-stroke fatigue

and return to work: a 2-year follow-up. Acta Neurol Scand. (2012) 125:248-
53. doi: 10.1111/j.1600-0404.2011.01557.x

. Naess H, Lunde L, Brogger ], Waje-Andreassen U. Fatigue among stroke

patients on long-term follow-up. The Bergen Stroke Study. J Neurol Sci. (2012)
312:138-41. doi: 10.1016/j.jns.2011.08.002

Christensen D, Johnsen SP, Watt T, Harder I, Kirkevold M, Andersen G.
Dimensions of post-stroke fatigue: a two-year follow-up study. Cerebrovasc
Dis. (2008) 26:134-41. doi: 10.1159/000139660

Lerdal A, Lee KA, Bakken LN, Finset A, Kim HS. The course of fatigue during
the first 18 months after first-ever stroke: a longitudinal study. Stroke Res
Treat. (2012) 2012:126275. doi: 10.1155/2012/126275

Duncan F, Wu S, Mead GE. Frequency and natural history of fatigue after
stroke: a systematic review of longitudinal studies. ] Psychosom Res. (2012)
73:18-27. doi: 10.1016/j.jpsychores.2012.04.001

Snaphaan L, van der Werf S, de Leeuw F-E. Time course and risk factors of
post-stroke fatigue: a prospective cohort study. Eur ] Neurol. (2011) 18:611-
7. doi: 10.1111/j.1468-1331.2010.03217.x

Lerdal A, Gay CL. Fatigue in the acute phase after first stroke predicts
poorer physical health 18 months later. Neurology. (2013) 81:1581-
7. doi: 10.1212/WNL.0b013e3182a9f471

Choi-Kwon S, Han SW, Kwon SU, Kim JS. Poststroke fatigue: characteristics
and related factors. Cerebrovasc Dis. (2005) 19:84-90. doi: 10.1159/000082784
Paciaroni M, Acciarresi M. Poststroke fatigue. Stroke. (2019) 50:1927-
33. doi: 10.1161/STROKEAHA.119.023552

Ponchel A, Bombois S, Bordet R, Hénon H. Factors associated with
poststroke fatigue: a systematic review. Stroke Res Treat. (2015)
2015:347920. doi: 10.1155/2015/347920

Radman N, Staub F Aboulafia-Brakha T, Berney A, Bogousslavsky J,
Annoni JM. Poststroke fatigue following minor infarcts: a prospective study.
Neurology. (2012) 79:1422-7. doi: 10.1212/WNL.0b013e31826d5f3a

Ertl M, Meisinger C, Linseisen J, Baumeister SE, Zickler P, Naumann
M. Long-term outcomes in patients with stroke after in-hospital
treatment-study protocol of the prospective stroke cohort Augsburg
(SCHANA Study). Medicina. (2020) 56:280. doi: 10.3390/medicina560
60280

Michielsen HJ, De Vries ], Van Heck GL. Psychometric qualities of a brief self-
rated fatigue measure: the fatigue assessment scale. J Psychosom Res. (2003)
54:345-52. doi: 10.1016/50022-3999(02)00392-6

Lynch ], Mead G, Greig C, Young A, Lewis S, Sharpe M. Fatigue after stroke:
the development and evaluation of a case definition. J Psychosom Res. (2007)
63:539-44. doi: 10.1016/j.jpsychores.2007.08.004

Cumming TB, Mead G. Classifying post-stroke fatigue: optimal cut-
off on the fatigue assessment scale. J Psychosom Res. (2017) 103:147-
9. doi: 10.1016/j.jpsychores.2017.10.016

Lowe B, Spitzer R, Zipfel S, Herzog W. PHQ-D Manual. Komplettversion
und Kurzform. Autorisierte deutsche Version des “Prime MD Patient
Health Questionnaire (PHQ)”. In: PLOS Blogs. Heidelberg (2002). Available
from: https://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_
Klinik/download/PHQ_Manuall.pdf (accessed August 26, 2020).

Manea L, Gilbody S, McMillan D. A diagnostic meta-analysis
of the patient health questionnaire-9 (PHQ-9) algorithm scoring
method as a screen for depression. Gen Hosp Psychiatry. (2015)
37:67-75. doi: 10.1016/j.genhosppsych.2014.09.009

Kroenke K, Spitzer RL, Williams JBW, Lowe B. The
health questionnaire somatic, anxiety, and depressive

patient
symptom

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

scales: a systematic review. Gen Hosp Psychiatry. (2010) 32:345-
59. doi: 10.1016/j.genhosppsych.2010.03.006

Quinn TJ, Elliott E, Langhorne P. Cognitive and mood assessment tools for use
in stroke. Stroke. (2018) 49:483-90. doi: 10.1161/STROKEAHA.117.016994
Meader N, Moe-Byrne T, Llewellyn A, Mitchell AJ. Screening for poststroke
major depression: a meta-analysis of diagnostic validity studies. ] Neurol
Neurosurg Psychiatry. (2014) 85:198-206. doi: 10.1136/jnnp-2012-304194
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML,
Ainsworth BE, et al. International physical activity questionnaire:
12-country reliability and validity. Med Sci Sports Exerc. (2003)
35:1381-95. doi: 10.1249/01.MSS.0000078924.61453.FB

Hagstromer M, Oja P, Sjostrom M. The International Physical Activity
Questionnaire (IPAQ): a study of concurrent and construct validity. Public
Health Nutr. (2006) 9:755-62. doi: 10.1079/PHN2005898

IPAQ Research Committee. data  processing
analysis of the International Physical Activity Questionnaire (IPAQ).
- short and long forms. In: PLOS Blogs. (2005). Available from:
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbW
Fpbnx0aGVpcGFxfGd4OjEONDgxMDk3NDU1YWRIZTM (accessed August
25, 2020).

Golicki D, Niewada M, Karlinska A, Buczek ], Kobayashi A,
Janssen ME et al. Comparing responsiveness of the EQ-5D-5L,
EQ-5D-3L and EQ VAS in stroke patients. Qual Life Res. (2015)
24:1555-63. doi: 10.1007/s11136-014-0873-7

Hunger M, Sabariego C, Stollenwerk B, Cieza A, Leidl R.
Validity, reliability and responsiveness of the EQ-5D in German
stroke patients undergoing rehabilitation. Qual Life Res. (2012)
21:1205-16. doi: 10.1007/s11136-011-0024-3

Duncan PW, Lai SM, Bode RK, Perera S, DeRosa J. Stroke impact scale-
16: a brief assessment of physical function. Neurology. (2003) 60:291-
6. doi: 10.1212/01.WNL.0000041493.65665.D6

Duncan PW, Wallace D, Studenski S, Lai SM, Johnson D. Conceptualization
of a new stroke-specific outcome measure: the stroke impact scale. Top Stroke
Rehabil. (2001) 8:19-33. doi: 10.1310/BRHX-PKTA-0TUJ-UYWT

Geyh S, Cieza A, Stucki G. Evaluation of the German translation of the
stroke impact scale using Rasch analysis. Clin Neuropsychol. (2009) 23:978-
95. doi: 10.1080/13854040802665782

Mulder M, Nijland R. Stroke impact scale. ] Physiother.
62:117. doi: 10.1016/j.jphys.2016.02.002

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chron Dis. (1987) 40:373-83. doi: 10.1016/0021-9681(87)90171-8

Johnston MC, Crilly M, Black C, Prescott GJ, Mercer SW. Defining and
measuring multimorbidity: a systematic review of systematic reviews. Eur J
Public Health. (2018) 29:182-9. doi: 10.1093/eurpub/cky098

Fortin M, Hudon C, Dubois M-E Almirall J, Lapointe L, Soubhi H.
Comparative assessment of three different indices of multimorbidity for
studies on health-related quality of life. Health Qual Life Outcome. (2005)
3:74. doi: 10.1186/1477-7525-3-74

Banks JL, Marotta CA. Outcomes validity and reliability of the modified
rankin scale: implications for stroke clinical trials. Stroke. (2007) 38:1091-
6. doi: 10.1161/01.STR.0000258355.23810.c6

Kasner SE, Chalela JA, Luciano JM, Cucchiara BL, Raps EC, McGarvey
ML, et al. Reliability and validity of estimating the NIH stroke scale score
from medical records. Stroke. (1999) 30:1534-7. doi: 10.1161/01.STR.30.
8.1534

NIH. NIH Stroke Scale. (2003). Available from: https://www.stroke.nih.gov/
documents/NIH_Stroke_Scale_508C.pdf (accessed February 28, 2022).

Wu S, Barugh A, Macleod M, Mead G. Psychological
associations  of  poststroke  fatigue.  Stroke.  (2014)  45:1778-
83. doi: 10.1161/STROKEAHA.113.004584

Jaracz K, Mielcarek L, Kozubski W. Clinical and psychological correlates
of poststroke fatigue. Preliminary results. Neurol Neurochir Pol. (2007)
41:36-43.

Zirnsak M, Meisinger C, Linseisen J, Ertl M, Zickler P, Naumann M, et
al. Associations between pre-stroke physical activity and physical quality
of life three months after stroke in patients with mild disability. PLoS
ONE.

Guidelines for and

(2016)

Frontiers in Neurology | www.frontiersin.org

March 2022 | Volume 13 | Article 852486


https://doi.org/10.2340/16501977-2384
https://doi.org/10.1016/B978-0-444-63916-5.00013-6
https://doi.org/10.1177/1747493016669861
https://doi.org/10.1016/S0003-9993(99)90116-8
https://doi.org/10.1161/STROKEAHA.114.006647
https://doi.org/10.1111/j.1600-0404.2011.01557.x
https://doi.org/10.1016/j.jns.2011.08.002
https://doi.org/10.1159/000139660
https://doi.org/10.1155/2012/126275
https://doi.org/10.1016/j.jpsychores.2012.04.001
https://doi.org/10.1111/j.1468-1331.2010.03217.x
https://doi.org/10.1212/WNL.0b013e3182a9f471
https://doi.org/10.1159/000082784
https://doi.org/10.1161/STROKEAHA.119.023552
https://doi.org/10.1155/2015/347920
https://doi.org/10.1212/WNL.0b013e31826d5f3a
https://doi.org/10.3390/medicina56060280
https://doi.org/10.1016/S0022-3999(02)00392-6
https://doi.org/10.1016/j.jpsychores.2007.08.004
https://doi.org/10.1016/j.jpsychores.2017.10.016
https://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf
https://doi.org/10.1016/j.genhosppsych.2014.09.009
https://doi.org/10.1016/j.genhosppsych.2010.03.006
https://doi.org/10.1161/STROKEAHA.117.016994
https://doi.org/10.1136/jnnp-2012-304194
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1079/PHN2005898
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM
https://doi.org/10.1007/s11136-014-0873-7
https://doi.org/10.1007/s11136-011-0024-3
https://doi.org/10.1212/01.WNL.0000041493.65665.D6
https://doi.org/10.1310/BRHX-PKTA-0TUJ-UYWT
https://doi.org/10.1080/13854040802665782
https://doi.org/10.1016/j.jphys.2016.02.002
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1093/eurpub/cky098
https://doi.org/10.1186/1477-7525-3-74
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1161/01.STR.30.8.1534
https://www.stroke.nih.gov/documents/NIH_Stroke_Scale_508C.pdf
https://www.stroke.nih.gov/documents/NIH_Stroke_Scale_508C.pdf
https://doi.org/10.1161/STROKEAHA.113.004584
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Kirchberger et al.

Factors Associated With Post-stroke Fatigue

46. Omdal R. The biological basis of chronic fatigue: neuroinflammation

and innate immunity. Curr  Opin  Neurol.  (2020)  33:391-
6. doi: 10.1097/WC0.0000000000000817

47. Towfighi A, Ovbiagele B, ElI Husseini N, Hackett ML, Jorge
RE, Kissela BM, et al. A scientific statement for healthcare

professionals from the American Heart Association/American Stroke
Association. Stroke. (2017) 48:30-43. doi: 10.1161/STR.000000000000
0113

48. Oczkowski C, O’Donnell M. Reliability of proxy respondents for patients
with stroke: a systematic review. J Stroke Cerebrovasc Dis. (2010) 19:410-
6. doi: 10.1016/j.jstrokecerebrovasdis.2009.08.002

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022  Kirchberger, Wallner, Linseisen, Zickler, Ertl, Naumann
and Meisinger. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

March 2022 | Volume 13 | Article 852486


https://doi.org/10.1097/WCO.0000000000000817
https://doi.org/10.1161/STR.0000000000000113
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.08.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

