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Abstract

Background: Poststroke fatigue is a persistent and distressing symptom among stroke survivors. In this study, we
investigated the reliability and validity of a vertical numerical rating scale supplemented with a faces rating scale
(NRS-FRS) in measuring poststroke fatigue.

Methods: The fatigue intensity of 106 individuals with stroke was measured twice, 1 week apart, using a vertical
NRS-FRS to measure test-retest reliability. The intraclass correlation coefficient, a relative reliability index, was calculated to
examine the degree of consistency and agreement between the two test occasions. Absolute reliability indices, including
the standard error of measurement, minimal detectable change, and Bland-Altman limits of agreement, were used to
quantify measurement errors and determine systematic biases of the two test occasions. We also administered the
vertical NRS concurrently as a comparator measure for assessing fatigue in 50 consecutive patients with stroke who
were recruited later in the study period. The Spearman rank correlation coefficient (p) was used to examine the
concurrent validity of the NRS-FRS. Discriminant validity was assessed by means of receiver operating characteristic
curves, sensitivity, and specificity.

Results: The intraclass correlation coefficient was 0.95 for the NRS-FRS. The standard error of measurement and the
minimal detectable change at the 95 % confidence interval of the NRS-FRS were 0.50 and 1.39, respectively. The
Bland-Altman analyses showed no significant systematic bias between the repeated measurements. A narrow range
of the limits of agreement was shown on the Bland-Altman plot, indicating the NRS-FRS had high stability and

low variation between the two test occasions. The correlations between the NRS-FRS and NRS were good at test

(0 =0.85) and retest (0 =0.84). Compared with the NRS cutoff value of 21, sensitivity with the NRS-FRS at test and
retest was 94 and 92 % and specificity was 79 and 90 %, respectively.

Conclusions: This study provides further evidence of the reliability and validity of the NRS-FRS in measuring fatigue
intensity in patients with stroke. The NRS-FRS had high sensitivity and specificity. The NRS-FRS may be a reliable and
valid measure for clinicians and researchers to assess fatigue and determine whether a real change has occurred in

groups and at the individual level of patients with stroke.
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Introduction

Poststroke fatigue is a persistent and distressing symp-
tom among stroke survivors [1, 2], with a prevalence
ranging from 38 to 77 % [3, 4]. Fatigue often impedes
rehabilitation [5] and has serious effects on a sense of
not being in control [6], a higher risk of suicide [7], in-
creased mortality [3], increased energy cost for gait defi-
cits [8], and reduced physical fitness [9]. The recognition
of poststroke fatigue has driven the need of researchers
and clinicians for a valid, reproducible, and feasible
measurement for the screening and diagnosis of fatigue.

Fatigue after stroke is a multifaceted phenomenon as-
sociated with demographic, physiological, psychocogni-
tive, and organic factors [2, 5, 10]. The multidimensional
nature of fatigue creates difficulties for clinicians and re-
searchers in assessing the patient’s condition and imple-
menting the best treatment. Fatigue consists of acute
and chronic fatigue [9, 11, 12]. Acute fatigue is perceived
as fatigability (exertional fatigue), which develops after
certain activity, can be alleviated by rest, and is associ-
ated with neurologic impairment. Alternatively, chronic
fatigue is a state of weariness, which is unrelated to
activity or exertion, cannot be relieved after rest, and is
associated with prolonged stress or illness. Thus, post-
stroke fatigue has been defined as having components of
physical, cognitive, and social fatigue, which may vary by
individuals [2]. Although poststroke fatigue has mental
and psychological aspects as well as a physical basis [1],
physical fatigue is much greater influence in patients’ ex-
perience of fatigue and interfered with their daily activ-
ities [13].

Measuring fatigue remains an ongoing challenge for
clinical trials of fatigue management in stroke, because
no gold standard measure is available for poststroke fa-
tigue [3, 14-16]. Poststroke fatigue has been viewed as
difficult to measure adequately and is thus neglected as
a consequence [1, 12]. The assessment of fatigue must
consider the feasibility of a measure and individual’s
ability to successfully complete the measurement, which
may depend on the severity of fatigue and cognitive, vis-
ual, or language deficiencies of stoke patients. The meas-
urement for fatigue should be feasible with regard to
being simple to administer, easy to score, and completed
with minimal time and effort, for not adding fatigue in-
tensity [17]. In this regard, single-item measure of fa-
tigue intensity, such as the visual analog scale (VAS) [9,
12, 17, 18] and numerical rating scale (NRS) [19, 20],
seem to be more advantageous than multiple-item mea-
sures [21]. For people experiencing severe fatigue, multi-
dimensional fatigue measures may increase the burden
of responding [22]. Stroke patients may have problems
recalling their fatigue levels of prior week, which might
affect the accuracy of the data [11]. Some people with
right hemispheric stroke might present hemineglect to
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their left side [23]; other people with left hemispheric
stroke might have difficulty in fully understanding an in-
struction [24]. Yet, the VAS is not recommended for
geriatric patients [25] or stroke patients with cognitive
or visuospatial impairments [23].

Alternatively, the NRS is commonly used to estimate
fatigue intensity in individuals with stroke [19], multiple
sclerosis [21], spinal cord injury [26], fibromyalgia [27], and
cancer [28]. Previous studies have demonstrated that the
NRS is a valid, reliable, and highly responsive measure of
fatigue in patients with rheumatoid arthritis [29, 30] and
multiple sclerosis [21]. The NRS evaluates patient’s fatigue
level at a 0-to-10 scale. The chosen number signifies the
severity of subject’s fatigue, with 0 indicating no fatigue and
10 indicating the worst possible fatigue. The NRS is
extremely easy to administer and has shown good sensitiv-
ity, clinical relevance, and usefulness [19, 28, 29]. Therefore,
the NRS is a suitable instrument for stroke patients because
of validity, reliability, and preference. However, in consider-
ation of possible lacking cognitive and visuospatial
functions in stroke patients or elderly participants, an
adaptation of the NRS to assess fatigue may be needed.

The faces rating scale (FRS) has been successful in
measuring pain in cognitively impaired patients [24] and in
illiterate patients [31-33]. The 0-10 vertical NRS supple-
mented with the Wong-Baker FRS was reliable in measur-
ing pain after stroke [34]. Therefore, a vertical NRS scale
incorporating with the FRS would be an a priori preferable
measurement of poststroke fatigue. Hence, the 6-face
Wong-Baker FRS was used to make it comparable with the
NRS in scoring by use of a common metric (0-10) in the
present study. Our aim was to determine the test-retest
reliability and validity of the vertical NRS incorporated with
the FRS (NRS-FRS) for assessing fatigue in people with
stroke.

Methods

Participants

Stroke patients who were diagnosed between December
2013 and January 2015 were recruited at three medical cen-
ters. The inclusion criteria were (a) a first-ever stroke onset
of at least 3 months before recruitment, (b) enrollment in
an outpatient rehabilitation program, (¢) ability to follow
study instructions and complete the scale (Mini-Mental
State Examination score of >22), and (d) no participation in
experimental rehabilitation or drug studies during the study
period. The local Institutional Review Board of Mackay
Memorial Hospital and Chang Gung Memorial Hospital
approved the study procedures, and all participants
provided written informed consent.

The exclusion criteria were (a) physician-determined
major medical problems, (b) inability to complete ques-
tionnaires or study outcome measures because of severe
cognitive impairment, neglect, or attention deficits, and
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(c) irregular use of medications for fatigue or other
fatigue-relieving treatment during the study period.

Procedure

Eligible patients who received outpatient rehabilitation
were invited to participate. For determining test-retest
reliability of the scale, NRS-FRS was assessed twice with
a l-week interval to reduce the memory effect of the
first assessment, and at the same time of day to
minimize diurnal variation in fatigue. Test and retest as-
sessments were administered by the same research as-
sistant. In addition, 50 consecutive participants were
asked to indicate the severity of their fatigue successively
on the NRS-FRS and the vertical NRS. The vertical NRS
was used as a comparator measure to test the concur-
rent validity of NRS-FRS.

Outcome measure of fatigue

Fatigue was defined as a feeling of physical tiredness and
lack of energy [35], as assessed using the NRS-FRS and
the vertical NRS. Participants were provided a full
explanation of the fatigue measures and received in-
structions on how to complete the scales. To facilitate
scoring the intensity of participants’ fatigue, the NRS-
FRS was a combination of the vertical NRS with word
anchors on a scale of 0 tol0 and the 6 facial expressions
of Wong-Baker FRS (Fig. 1).

A 10-cm vertical line anchored by a smiling face with
the bottom number 0 to indicate “no fatigue” and a
crying face with the top number 10 to indicate “worst
possible fatigue.” Participants were asked to point only
to a number, not a face, on the NRS-FRS that best repre-
sented their present level of fatigue (“How fatigued do
you currently feel?”) using the 10-point single-item
fatigue scale (0="no fatigue” and 10 = “worst possible
fatigue”). Fatigue severity units included none, 0; mild,
1 to 3; moderate, 4 to 6; and severe, 7 to 10, giving it
ordinal properties of measurement [29]. The higher the
NRS-ERS score, the higher the fatigue. The 10-point
fatigue scale is well validated to assess fatigue in people
with cancer [28].

Data analysis

The relative reliability of the NRS-FRS was determined
through intraclass correlation coefficient (ICC) using a
2-way mixed-effect model with an agreement coefficient
[36]. ICCs that exceed 0.75 indicate good reliability [37].
We used the standard error of measurement (SEM), the
minimal detectable change (MDC), and Bland-Altman
analyses to quantify the absolute reliability.

The SEM indicates within-subject variability in re-
peated measures for a group of individuals [38]. The
MDCy;s is the smallest change necessary to exceed the
measurement error of repeated measures that indicates a
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Fig. 1 Numerical rating scale supplemented with a faces rating scale
for self-reported fatigue intensity

real change at the 95 % confidence interval (CI) level for
a single individual [38, 39]. Bland-Altman analyses were
used to indicate systematic bias between repeated mea-
surements [40]. The Bland-Altman plot illustrates the
agreement between the two test occasions (time 1 and
time 2) and identifies possible outliers. The 95 % CI of
the mean difference was used to determine systematic
bias. If zero is included within the 95 % CI, no signifi-
cant systematic bias between measurements can be in-
ferred [40]. The 95 % limits of agreement (LOA) were
used to examine the natural variation over time, with a
narrow LOA indicating higher stability [41].

We studied concurrent validity to validate the NRS-
ERS with the NRS obtained concurrently in a subsample
of participants at 2 study visits [37]. The Spearman rank
correlation coefficient (p) was used to examine the rela-
tion between the NRS-FRS and NRS at test and retest.
We used the following criteria to interpret the magni-
tude of the correlation coefficients: <0.25 indicating low
correlations, 0.25 to 0.5 indicating fair correlations, 0.5
to 0.75 indicating moderate-to-good correlations, and >0.75
indicating good-to-excellent correlations [37]. Discriminant
validity was assessed by means of receiver operating charac-
teristic (ROC) curves, sensitivity, and specificity. ROC ana-
lysis was used to define the best NRS-FRS cutoff score of
the 50 participants. ROC curves were plotted to determine
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the area under the curve (AUC), which represents the abil-
ity of the NRS-FRS to discriminate between those with and
without fatigue [37]. The sensitivity and specificity of the
NRS-FRS were calculated using the cutoff point >1 and
were represented by ROC curves.

Results

The 106 participants were a mean age of 53.63 years,
and the average time after stroke onset was 24.40 months
(Table 1). The detailed characteristics of the participants
and the descriptive statistics for the NRS-FRS in the two
test occasions are reported in Table 1.

As detailed in Table 2, the ICC for the NRS-FRS was
0.95 (95 % CI, 0.92-0.96), indicating good relative reli-
ability of the NRS-FRS. The SEM and MDCys of the
NRS-ERS were 0.50 and 1.39, respectively. The mean
difference between the test-retest measures of the NRS-
FRS was close to 0 (-0.16). The 95 % CI for the mean

Table 1 Characteristics of the Participants (n = 106)

No (%), mean (SD), or
median (range)

Characteristic

Sex
Male 77 (72.6 %)
Female 29 (27.4 %)
Age, year 5363 (11.25)
Localization

48 (45.3 %)
58 (54.7 %)

Right hemisphere

Left hemisphere

Interval after stroke onset, months 2440 (24.11)
Brunnstrom stage of upper limb
Proximal part 4 (1-6)
Distal part 3(1-6)
Brunnstrom stage of lower limb 4 (3-5)
Fugl-Meyer Assessment of upper limb 3374 (17.62)
Fugl-Meyer Assessment of lower limb 21.18 (6.94)
First assessment of fatigue intensity with 1.93 (2.30)
NRS-FRS
Patients with severe fatigue of 7-10 4 (3.8 %)
Patients with moderate fatigue of 4-6 0 (18.9 %)
Patients with mild fatigue of 1-3 0 (37.7 %)
Patients with no fatigue 2 (39.6 %)
Second assessment of fatigue intensity 177 (2.21)
with NRS-FRS
Patients with severe fatigue of 7-10 4 (3.8 %)
Patients with moderate fatigue of 4-6 6 (15.1 %)
Patients with mild fatigue of 1-3 2 (39.6 %)
Patients with no fatigue 4 (415 %)
Mini Mental State Exam scores 27.56 (2.43)

Abbreviation: SD standard deviation, NRS-FRS numerical rating scale
supplemented with faces rating scale
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difference included 0 (-0.36 to 0.04), demonstrating that
there was no significant systematic bias between test-
retest measures in poststroke fatigue. The Bland-Altman
plot (Fig. 2) that was representative of the NRS-FRS
showed the variability between the test-retest measures.
The repeatability for most of the test-retest measures
was within the 95 % CI. The LOA range was -2.12 to
1.80, and 4 outliers are shown on the plot.

The correlations between the NRS-FRS and NRS were
good at test (p =0.85) and retest (p =0.84), as reported
in Table 3. Compared with the criterion measure of the
NRS, the sensitivity of NRS-FRS >1 for fatigued patients
at test and retest was 94 and 92 % and specificity was 79
and 90 %, respectively (Table 4). ROC curves of fatigued
(NRS >1) and not fatigued (NRS <1) with the NRS-FRS
at test and retest are shown in Fig. 3. The AUC was
0.948 (95 % CI, 0.89-1.00) for test and 0.931 (95 % CI,
0.85-1.00) for retest.

Discussion
This study provides evidence of the test-retest reliability
and validity of the vertical NRS-FRS in quantifying the
intensity of fatigue in individuals with stroke. The rela-
tive and absolute reliability of the NRS-FRS showed
good test-retest reliability, with high agreement, small
measurement error, and no systematic bias for the as-
sessment of poststroke fatigue. The concurrent validity
of the NRS-FRS was good. The sensitivity and specificity
of the NRS-FRS were high. These findings suggest that
the vertical NRS-FRS may be a reliable and valid instru-
ment to assess poststroke fatigue. Moreover, measuring fa-
tigue provides additional information that is essential to
understand disease outcome from the patient’s perspective.
Limited empirical evidence about the reliability of in-
struments for measuring poststroke fatigue has seriously
hampered efforts to synthesize common knowledge
about fatigue. Establishing the reliability of a tool for the
adequate assessment of fatigue is an important pre-
requisite before the tool is adopted as a standard meas-
ure of poststroke fatigue. Test-retest reliability is the
ability of an outcome measure to capture similar scores
on 2 separate occasions of test administration, given that
the patient’s condition has not changed [37]. The ICC
gives a measure of consistency or agreement of values
within cases [42]. The ICC value in this study (0.95) in-
dicated a high degree of agreement between the test-
retest measures and good reproducibility of the vertical
NRS-ERS. Our data were in line with values reported in
previous studies, which indicated good reliability of the
NRS in patients with multiple sclerosis (ICC = 0.97) [21]
and rheumatoid arthritis (ICC = 0.79) [29].
Determination of the absolute reliability of measures is
critical to ensure repeated measurements with satisfac-
tory stability and sensitivity to real changes over time
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Table 2 Relative and absolute reliabilities of a numerical rating scale supplemented with a faces rating scale
Scale ICC (95 % Cl) SEM MDCos Bland-Altman analysis

d SDuiff SEofd 95 % Cl of the d LOA
NRS-FRS 0.95 (0.92-0.96) 0.50 1.39 -0.16 1.00 0.10 —0.36 to 0.04 —2.12 10 1.80

NRS-FRS numerical rating scale supplemented with faces rating scale, ICC intraclass correlation coefficient, CI confidence interval, SEM standard error of
measurement = SDyooled X V(1 = ICC)], where SDpo0req is the standard deviation for all observations from test occasions 1 and 2, MDCos minimal detectable change
at the 95 % Cl level = 1.96 X v/2 x SEM = 1.96 X V2 X SDpooted X V(1 — ICO)], where 1.96 is the 2-tailed tabled z value for the 95 % ClI and v2 represents the variance of
2 measures, d mean of difference between the two test sessions (test session 2 minus test session 1), SDy;# standard deviation of mean difference, SE standard
error, 95 % Cl of the d mean difference + 1.96 x SE =d = 1.96 x (SDgi¢ /vn), where n is the sample size, 95 % LOA 95 % limits of agreement=d = 1.96 SDgi

[43]. Reliable outcome measures demonstrate small
measurement errors for a group of patients and small
true changes for an individual patient. The SEM and
MDCys of the test-retest measures provide the absolute
values of the measurement errors between repeated
measures and determine whether changes in repeated
measures for a group and for an individual are real, re-
spectively [44, 45]. From the result of the MDCoys of the
NRS-ERS, if the change in repeated measures of the
NRS-ERS for a stroke patient was more than 1.39, then
the change was interpreted as a real change or a true
change beyond measurement error at the 95 % CI. The
SEM and MDCy; of the NRS-FRS were similar to those

in a previous study of the Fatigue Severity Scale (FSS)
for measuring fatigue in polio survivors (SEM = 0.56,
MDCy; = 1.55) [46] despite different patient populations
and outcome measures.

Limited studies have presented the test-retest reliabil-
ity of the fatigue scales by the Bland-Altman method
[16, 29]. In the present study, the Bland-Altman statis-
tics for the NRS-FRS in individuals with stroke indicated
no significant systematic bias and narrow LOA between
the repeated measures. These results were similar to the
use of the NRS in measuring fatigue in rheumatoid
arthritis [29], the Fatigue Assessment Scale in evaluating
fatigue after stroke [16], and the NRS-FRS in measuring
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Table 3 Concurrent validity (Spearman Rank Correlation
Coefficient) of the NRS-FRS and NRS at test and retest

Criterion measure Test Retest

NRS-FRS (95 % Cl) NRS-FRS (95 % Cl)
NRS 0.85* (0.75-091) 0.84* (0.73-091)
*P<0.01

pain after stroke [34]. The Bland-Altman plots for
test-retest reliability of the NRS in rheumatoid arthritis
demonstrated small differences on repeated measure-
ment and no bias in the distribution [29]. Test-retest
agreement for the Fatigue Assessment Scale in stroke
individuals had the narrowest LOA, and the mean dif-
ference between test and retest measurements was not
significant [16]. Generally, this study found that the
absolute reliability of the NRS-FRS in assessing post-
stroke fatigue is good, with no bias in the distribution
and small differences on repeated measurement. The
mean difference between the two testing occasions
was close to zero, and the 95 % CI of the mean differ-
ence included zero. From the Bland-Altman plot, the
narrow range of the LOA and the 4 outliers in the
NRS-FRS indicated a high stability and less natural
variation over time.

The diagnostic value of the NRS-FRS to assess fa-
tigue in stroke patients was also analyzed by compar-
ing to NRS. The correlations between the NRS-FRS
and NRS is high, fluctuating only slightly at test
(p =0.85) and retest (p = 0.84). This suggested that the
relationships between the tests are relatively stable
over a l-week interval, which reflects constant and
true relationships between the tests and indicates that
both measure the same construct. The NRS has been
validated for assessing fatigue severity in patients with
ankylosing spondylitis [47] and rheumatoid arthritis
[30]. Despite the differences in sample characteristics,
the findings of our study are consistent with results of
prior research in supporting the NRS and NRS-FRS as
being valid measures for fatigue intensity. When the
NRS-ERS is used to distinguish fatigue from no fa-
tigue, the area under the ROC curve is very high at

Table 4 Sensitivity and Specificity of the NRS-FRS at Test and Retest
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test (AUC = 0.948) and retest AUC =0.931). These re-
sults highly suggest that the NRS-FRS is an appropri-
ate tool for the assessment of physical fatigue in
stroke patients.

Despite high correlation and AUC, higher cut-off
values of the NRS-FRS might be insufficiently accurate
to guide fatigue management. For example, when
NRS-ERS cutoff value was set >1 for detecting fatigue
at the first assessment, 6 % of the patients with no fa-
tigue would be incorrectly classified as having fatigue,
and 21 % of patients with fatigue would be incorrectly
classified as no fatigue. If the cutoff point was in-
creased to >5, 11 % of stroke patients with no fatigue
would be incorrectly classified as having fatigue, and
12 % with fatigue would be classified as having no
fatigue.

Most fatigue studies in stroke rely on questionnaires,
such as FSS [10, 48, 49], Multidimensional Fatigue
Symptom Inventory (MESI) [16], VAS [9, 12, 17, 18],
and NRS [19, 20]. The FSS and MFSI are validated
measures for fatigue, but both rely on retrospective re-
call of fatigue during the preceding 1 week rather than
a real-time assessment. In contrast, VAS and NRS are
single-item measures of self-reported fatigue severity
that prospectively capture real-time fatigue. Thus,
VAS and NRS did not have recall bias and respondent
burden is low [21]. Actually, the VAS has been shown
to be a reliable and valid instrument for the quantita-
tive assessment of fatigue in healthy subjects [17], pa-
tients with sleep disorders [17], and people with
chronic stroke [12]. However, the VAS is influenced by
eye-hand coordination problems [11]. Patients with
paralysis, tremors, or visual impairment are unable to
complete the VAS reliably [17]. The application of
VAS is limited to the motor, cognitive, and visual abil-
ities of the subjects.

Patients with poststroke fatigue may have problems
completing long questionnaires. The feasibility of a fa-
tigue scale is frequently the element that determines
the initial choice of an instrument for individuals with
stroke. It should be short, easy to understand and an-
swer, have a minimal respondent burden, and be

Criterion measure Cut-off score Test NRS-FRS

Retest NRS-FRS

Sensitivity, % Specificity, % AUC Sensitivity, % Specificity, % AUC

NRS 1 94 79 0.948 92 90 0.931
2 97 79 0913 85 75 0.900

3 96 75 0.907 77 89 0910

4 94 82 0.921 73 79 0.859

5 89 88 0.959 56 90 0.871

AUC Area under the curve
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reliable when replicated [17]. Fatigue intensity is prob-
ably the easiest and simplest dimension of fatigue to
assess and a reasonable way to begin the discussion
about fatigue. All participants in this study were able
to complete the NRS-FRS. The reliability and validity
results of this study showed that a simple approach of
combining the NRS with the FRS created a reliable
and valid tool for assessing poststroke fatigue. The
NRS-FRS is easy to understand, quick to complete,
simple to score, and does not place an excessive burden on
patients. In the absence of fully validated gold standards,
the vertical NRS-FRS, with good test-retest reliability and
validity, could be used to monitor real-time fatigue, facili-
tate faster communication between patients and clinicians
regarding their fatigue experience and response to treat-
ment, and allow for future comparability across different
studies. Since fatigue levels may fluctuate throughout the
day [21] and exertional fatigue may be perceived after activ-
ities [9], it is important to administer the NRS-FRS at the
same time of day and to avoid administering it after phys-
ical and cognitive activity.
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However, we acknowledge that the one-dimensional
measurement may have value as a screening tool for
documentation but not fully interpret the intricacies of
the symptom and may not address the linkage between
fatigue intensity and functional limitations [9, 26]. Post-
stroke fatigue was predominantly physical rather than
mental [13, 35]. Chalder et al. recommended that fatigue
severity be accompanied by an assessment of fatigue
interference with activities, which may offer a more
thorough description of the fatigue experience, capture
the most salient issues, and trigger a comprehensive list
of problems [50]. In future studies, we propose a positive
screening of the NRS-FRS should be followed up with a
more comprehensive assessment of patients’ perceptions
of functional impairment and interference due to fatigue,
in addition to single-symptom questions measuring fa-
tigue intensity, to facilitate a more complete description
of the fatigue experience in daily life for individuals with
stroke.

A good example of a more comprehensive instrument
is the Brief Fatigue Inventory (BFI), which was devel-
oped to assess the severity of fatigue and the effect of
fatigue on daily functioning in the past 24 h for patients
with cancer [51]. The BFI has 9 items, and each item is
rated on an 11-point NRS. The BFI might be an optimal
outcome measurement between multidimensional
fatigue measures and a single-item measurement to
reveal a tremendous amount about an individual’s
fatigue status. Future study might consider investigating
the psychometric properties of the BFI in individuals
with stroke.

Some limitations of our study warrant consideration.
First, all participants in the present study completed
the NRS-EFRS at two assessments, with a 1-week inter-
val, at the same time of day to minimize any diurnal
variation in fatigue. Fatigue was measured as a single
time-point assessment; that is, current fatigue inten-
sity, which might not reflect overall fatigue on the
testing day. Future studies may consider measuring fa-
tigue at different times of the day to facilitate a better
understanding of daily fluctuations in poststroke fa-
tigue and to improve the psychometric properties of
the NRS-FRS.

Second, future studies need to identify predictors of
poststroke fatigue to address fatigue issues with an
intervention in people with stroke. To explore the ef-
fectiveness of an intervention to manage fatigue or the
progression of fatigue, the ability of the NRS-FRS to
detect change over time requires further development.

In conclusion, our research shows that the vertical
NRS-ERS has good test-retest reliability and validity in
measuring physical fatigue after stroke, with good agree-
ment, low measurement error, and high sensitivity and
specificity.



Chuang et al. Health and Quality of Life Outcomes (2015) 13:91

Abbreviations

FSS: Fatigue Severity Scale; MFSI: Multidimensional Fatigue Symptom
Inventory; VAS: Visual Analog Scale; NRS: Numerical Rating Scale; FRS:
Faces Rating Scale; NRS-FRS: NRS incorporated with the FRS; ICC: Intraclass
correlation coefficient; SEM: Standard error of measurement; MDC: Minimal
detectable change; LOA: Limits of agreement; ROC: Receiver operating
characteristic; AUC: Area under the curve.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

LLC and CYW helped acquire funding. ALH, YCL, and YLC acquired data. KCC
participated in the sequence alignment. LLC and KCL conceived the study,
designed and coordinated the study, and helped to draft the manuscript.

All' authors read and approved the final manuscript.

Acknowledgments

This work was supported by the Ministry of Science and Technology
(MOST-102-2314-B-182-003, 102-2314-B-002-154-MY2, 102-2628-B-182 -005 -MY3,
and 103-2314-B-182-004-MY?3), the National Health Research Institutes
(NHRI-EX104-10403PI), Healthy Ageing Research Center at Chang Gung
University (EMRPD1E1711), and Chang Gung Memorial Hospital (CMRPD3E0331,
CMRPD1B0332, CMRPD1C0403) in Taiwan.

The work represented in the manuscript has not previously been presented
in any scientific meeting or publication.

Author details

'Department of Physical Therapy and Graduate Institute of Rehabilitation
Science, College of Medicine, Chang Gung University, Taoyuan, Taiwan.
’Healthy Ageing Research Center, Chang Gung University, 259 Wen-hua 1st
Rd., Guishan, Taoyuan, Taiwan. *School of Occupational Therapy, College of
Medicine, National Taiwan University, Taipei, Taiwan. “Division of
Occupational Therapy, Department of Physical Medicine and Rehabilitation,
National Taiwan University Hospital, Taipei, Taiwan. “Department of Physical
Therapy, Mackay Memorial Hospital, Taipei, Taiwan. ®Department of
Occupational Therapy and Graduate Institute of Behavioral Sciences, College
of Medicine, Chang Gung University, Taoyuan, Taiwan. 'Department of
Neurology, Chang Gung Memorial Hospital, Kaohsiung, Taiwan. “Department
of Physical Medicine and Rehabilitation, Physical Therapy, Chang Gung
Memorial Hospital, Taoyuan, Taiwan.

Received: 29 January 2015 Accepted: 18 June 2015
Published online: 30 June 2015

References

1. Staub F, Bogousslavsky J. Fatigue after stroke: a major but neglected issue.
Cerebrovasc Dis. 2001;12:75-81.

2. Ingles JL, Eskes GA, Phillips SJ. Fatigue after stroke. Arch Phys Med Rehabil.
1999,80:173-8.

3. Glader EL, Stegmayr B, Asplund K. Poststroke fatigue: a 2-year follow-up
study of stroke patients in Sweden. Stroke. 2002;33:1327-33.

4. Lerdal A, Bakken LN, Kouwenhoven SE, Pedersen G, Kirkevold M, Finset A,
et al. Poststroke fatigue-a review. J Pain Symptom Manag. 2009;38:928-49.

5. Choi-Kwon S, Kim JS. Poststroke fatigue: an emerging, critical issue in stroke
medicine. Int J Stroke. 2011,6:328-36.

6. Barbour VL, Mead GE. Fatigue after stroke: the patient’s perspective. Stroke
Res Treat. 2012;2012:863031.

7. Tang WK, Lu JY, Mok V, Ungvari GS, Wong KS. Is fatigue associated with
suicidality in stroke? Arch Phys Med Rehabil. 2011;92:1336-8.

8. Michael K. Fatigue and stroke. Rehabil Nurs. 2002;27:89-94.

9. Tseng BY, Billinger SA, Gajewski BJ, Kluding PM. Exertion fatigue and
chronic fatigue are two distinct constructs in people post-stroke. Stroke.
2010;41:2908-12.

10.  Choi-Kwon S, Han SW, Kwon SU, Kim JS. Poststroke fatigue: characteristics
and related factors. Cerebrovasc Dis. 2005;19:34-90.

11. Aaronson LS, Teel CS, Cassmeyer V, Neuberger GB, Pallikkathayil L, Pierce J,
et al. Defining and measuring fatigue. Image J Nurs Sch. 1999;31:45-50.

12. Tseng BY, Gajewski BJ, Kluding PM. Reliability, responsiveness, and validity of
the visual analog fatigue scale to measure exertion fatigue in people with
chronic stroke: a preliminary study. Stroke Res Treat. 2010;2010:412964.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Page 8 of 9

Lynch J, 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.

Shahid A, Shen J, Shapiro CM. Measurements of sleepiness and fatigue. J
Psychosom Res. 2010,69:81-9.

Winward C, Sackley C, Metha Z, Rothwell PM. A population-based study of
the prevalence of fatigue after transient ischemic attack and minor stroke.
Stroke. 2009;40:757-61.

Mead G, Lynch J, Greig C, Young A, Lewis S, Sharpe M. Evaluation of fatigue
scales in stroke patients. Stroke. 2007;38:2090-5.

Lee KA, Hicks G, Nino-Murcia G. Validity and reliability of a scale to assess
fatigue. Psychiatry Res. 1991;36:291-8.

Tseng BY, Kluding P. The relationship between fatigue, aerobic fitness, and
motor control in people with chronic stroke: a pilot study. J Geriatr Phys
Ther. 2009,32:97-102.

Underwood J, Clark PC, Blanton S, Aycock DM, Wolf SL. Pain, fatigue, and
intensity of practice in people with stroke who are receiving constraint-induced
movement therapy. Phys Ther. 2006;86:1241-50.

Kuppuswamy A, Clark EV, Turner IF, Rothwell JC, Ward NS. Post-stroke
fatigue: a deficit in corticomotor excitability? Brain. 2015;138:136-48.

Kim E, Lovera J, Schaben L, Melara J, Bourdette D, Whitham R. Novel
method for measurement of fatigue in multiple sclerosis: real-time digital
fatigue score. J Rehabil Res Dev. 2010,47:477-84.

Whitehead L. The measurement of fatigue in chronic iliness: a systematic
review of unidimensional and multidimensional fatigue measures. J Pain
Symptom Manag. 2009;37:107-28.

Price Cl, Curless RH, Rodgers H. Can stroke patients use visual analogue
scales? Stroke. 1999;30:1357-61.

Benaim C, Froger J, Cazottes C, Gueben D, Porte M, Desnuelle C, et al. Use
of the Faces Pain Scale by left and right hemispheric stroke patients. Pain.
2007;128:52-8.

Doventas A, Karadag B, Curgunlu A, Bilici A, Sut N, Erdincler DS, et al.
Replicability and reliability of pain assessment forms in geriatrics. Arch
Gerontol Geriatr. 2011;53:55-60.

Alschuler KN, Jensen MP, Sullivan-Singh SJ, Borson S, Smith AE, Molton IR.
The association of age, pain, and fatigue with physical functioning and
depressive symptoms in persons with spinal cord injury. J Spinal Cord Med.
2013,36:483-91.

Salaffi F, Sarzi-Puttini P, Girolimetti R, Gasparini S, Atzeni F, Grassi W.
Development and validation of the self-administered Fibromyalgia
Assessment Status: a disease-specific composite measure for evaluating
treatment effect. Arthritis Res Ther. 2009;11:R125.

Schwartz AL, Meek PM, Nail LM, Fargo J, Lundquist M, Donofrio M, et al.
Measurement of fatigue. Determining minimally important clinical
differences. J Clin Epidemiol. 2002;55:239-44.

Minnock P, Kirwan J, Bresnihan B. Fatigue is a reliable, sensitive and unique
outcome measure in rheumatoid arthritis. Rheumatology (Oxford).
2009;48:1533-6.

Nicklin J, Cramp F, Kirwan J, Greenwood R, Urban M, Hewlett S. Measuring
fatigue in rheumatoid arthritis: a cross-sectional study to evaluate the Bristol
Rheumatoid Arthritis Fatigue Multi-Dimensional questionnaire, visual analog
scales, and numerical rating scales. Arthritis Care Res. 2010,62:1559-68.
Jaywant SS, Pai AV. A comparative study of pain measurement scales in
acute burn patients. Indian J Occup Ther. 2003;XXXV:13-7.

Kim EJ, Buschmann MT. Reliability and validity of the Faces Pain Scale with
older adults. Int J Nurs Stud. 2006;43:447-56.

Dogan SK, Ay S, Evcik D, Kurtais Y, Gokmen Oztuna D. The utility of

Faces Pain Scale in a chronic musculoskeletal pain model. Pain Med.
2012;13:125-30.

Chuang LL, Wu CY, Lin KC, Hsieh CJ. Relative and absolute reliability of a
vertical numerical pain rating scale supplemented with a faces pain scale
after stroke. Phys Ther. 2014;94:129-38.

Park JY, Chun MH, Kang SH, Lee JA, Kim BR, Shin MJ. Functional outcome
in poststroke patients with or without fatigue. Am J Phys Med Rehabil.
2009;88:554-8.

Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability.
Psychol Bull. 1979,86:420-8.

Portney LG, Watkins MP. Foundations of clinical research: applications to
practice. 3rd ed. Upper Saddle River, NJ: Pearson/Prentice Hall; 2009.

Haley SM, Fragala-Pinkham MA. Interpreting change scores of tests and
measures used in physical therapy. Phys Ther. 2006;86:735-43.



Chuang et al. Health and Quality of Life Outcomes (2015) 13:91

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Schuck P, Zwingmann C. The ‘smallest real difference’ as a measure of
sensitivity to change: a critical analysis. Int J Rehabil Res. 2003;26:85-91.

Bland JM, Altman DG. Measuring agreement in method comparison studies.

Stat Methods Med Res. 1999,8:135-60.

Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1:307-10.

Bruton A, Conway JH, Holgate ST. Reliability: what is it, and how is it
measured? Physiotherapy. 2000;86:94-9.

Beckerman H, Roebroeck ME, Lankhorst GJ, Becher JG, Bezemer PD, Verbeek AL.
Smallest real difference, a link between reproducibility and responsiveness. Qual
Life Res. 2001;10:571-8.

Hopkins WG. Measures of reliability in sports medicine and science. Sports
Med. 2000;30:1-15.

Lexell JE, Downham DY. How to assess the reliability of measurements in
rehabilitation. Am J Phys Med Rehabil. 2005;84:719-23.

Koopman FS, Brehm MA, Heerkens YF, Nollet F, Beelen A. Measuring fatigue
in polio survivors: content comparison and reliability of the fatigue severity
scale and the checklist individual strength. J Rehabil Med. 2014;46:761-7.
Naegeli AN, Flood E, Tucker J, Devlen J, Edson-Heredia E. The patient
experience with fatigue and content validity of a measure to assess fatigue
severity: qualitative research in patients with ankylosing spondylitis (AS).
Health Qual Life Outcomes. 2013;11:192.

Michael KM, Allen JK, Macko RF. Fatigue after stroke: relationship to
mobility, fitness, ambulatory activity, social support, and falls efficacy.
Rehabil Nurs. 2006;31:210-7.

Schepers VP, Visser-Meily AM, Ketelaar M, Lindeman E. Poststroke fatigue:
course and its relation to personal and stroke-related factors. Arch Phys
Med Rehabil. 2006,87:184-8.

Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright D, et al.
Development of a fatigue scale. J Psychosom Res. 1993;37:147-53.
Mendoza TR, Wang XS, Cleeland CS, Morrissey M, Johnson BA, Wendt JK,
et al. The rapid assessment of fatigue severity in cancer patients: use of the
Brief Fatigue Inventory. Cancer. 1999;85:1186-96.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Participants
	Procedure
	Outcome measure of fatigue
	Data analysis

	Results
	Discussion
	Abbreviations
	Competing interests
	Authorsʼ contributions
	Acknowledgments
	Author details
	References



