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Abstract
Purpose: To translate and culturally adapt the Modified Fatigue Impact Scale (MFIS) to Chinese version, and to psychometrically test it in stroke population.
Methods: This study consisted of 2 phases. In phase one, we translated and culturally adopted the original English
version of MFIS into Chinese (Cantonese) (MFIS-C). In phase two, the MFIS was psychometrically tested using a cohort
of community-dwelling people with stroke (n = 101) and healthy control (n = 50). Among the stroke participants, 52
of them were reassessed after a 1-week interval.
Results: The MFIS-C demonstrated satisfactory content validity and good to excellent internal consistency. The
overall MFIS-C and its subscales have good test-retest reliability. The MDC95 were 14.86, 7.49, and 9.70 for the overall
MFIS-C physical, cognitive and psychosocial subscales, respectively. The overall MFIS-C and its 2 subscales have significant weak to moderate negative correlations with the Community Integration Measure and the 12-item Short Form
Health Survey Version 2. Our findings revealed that the people with chronic stroke living in Hong Kong were reported
to have high level of fatigue.
Conclusion: The MFIS-C is a reliable and valid measure for assessing the level of fatigue in people with stroke.
Keywords: Chronic stroke, Stroke rehabilitation, Fatigue, Modified fatigue impact scale
Introduction
Fatigue refers to the difficulties in initiating or sustaining
voluntary activities [1]. It is common among people with
stroke and it affects 38 to 68% of the stroke population [2,
3]. Fatigue can be classified as non-pathological or pathological origin. While pathological fatigue is commonly
found in the stroke population, along with certain chronicity from months to years and could not be relieved by
rest [4], it could be further categorized into physical and
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mental domains based on difference in origin. Physical
fatigue is more related to peripheral fatigue as it reflects
the decline of muscle performance over time [1], whereas
mental fatigue is considered a component of central
fatigue and the decline in cognitive function of individuals [1]. Sometimes it might also be noted as the subjective
perception of significant diminished energy level [5].
Severity of fatigue experienced by people with stroke
was reported to be high [6], which affected the functional capacity of people with stroke [7]. Christensen
et al. revealed that severity of fatigue experienced by
people with stroke was 10.5% higher than healthy adults
[6]. Indeed, results of recent studies demonstrated that
increased level of fatigue was associated with increased
dependency in activities of daily living [7], disability
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and burden of care [8] in people with stroke. Therefore,
a quantitative representation capturing both the physical and mental facets of fatigue would be an invaluable
tool for devising a more holistic treatment approach to
improve the functional capacity of people with stroke.
Currently, the Fatigue Severity Scale (FSS) and the
Fatigue Assessment Scale (FAS) are the two commonly
used and validated fatigue scales in people with stroke
[9, 10]. The FSS has excellent psychometric properties in people with stroke [9]. However, it is unidimensional and only focuses on physical fatigue [11]. The
FAS is another fatigue scale with high test-retest reliability in people with stroke [10]. Similar with FSS, the
FAS is unidimensional and has poor internal consistency in people with stroke [12, 13]. Moreover, while
the FSS and FAS items were operationalized in nonspecific conditions (E.g, FSS item 5 “Fatigue causes frequent problems for me”; FAS item 9 “Mentally, I feel
exhausted”), the MFIS adopted more context-specific
items to operationalize the construct of fatigue (E.g.,
MFIS item 8 “I have been less motivated to participate
in social activities; MFIS item 15 “I have had trouble
finishing tasks that require thinking”). Using contextspecific items could minimize the subjectivity in interpreting the construct of fatigue represented by the
items and enhanced the item and overall reliability of
the MFIS.
To address the inadequacy of FAS and FSS, the Modified Fatigue Impact Scale (MFIS) could be a good alternative for measuring the level of fatigue in patients with
stroke. The original FIS is a 40-item multidimensional
scale comprised of physical, cognitive and psychosocial
subscales [14]. It was shortened to the 21-item MFIS by
the Multiple Sclerosis Council for the development of
clinical practice guidelines. The psychometric properties of the MFIS have been tested in patients with various types of neurological disorder, including multiple
sclerosis (MS) [14–16], Parkinson’s Disease (PD) [17]
and traumatic brain injury (TBI) [18]. Using the PD and
TBI populations, Schiehser et al. revealed the possibility
of refining the factor structure from 3 to 2, including the
cognitive subscale and physical and psychosocial subscales, which was theoretically consistent with the definition of fatigue [17, 19]. However, the MFIS has not been
translated and culturally adapted to Chinese (Cantonese)
version nor has it been validated for people with stroke.
Therefore, the objectives of this study were to (1) translate and culturally adapt the English version of MFIS to
Chinese (Cantonese) version (MFIS-C), (2) examine the
psychometric properties of the MFIS-C, including the
internal consistency, test-retest reliability, correlations
between the MFIS-C with various stroke-specific healthrelated measures, and the minimally detectable change,
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and (3) the level of community-dwelling people with
chronic stroke.

Methodology
Translation

The first phase of this study was the translation of the
original English version of MFIS into a Chinese (Cantonese) pilot version of MFIS which was based on the
standard forward- and backward translation guidelines [20]. First, the English version of MFIS was translated into Chinese (Cantonese) (forward translation) by
two independent bilingual translators, one with rehabilitation training background, and the other one was a
professional translator without rehabilitation training
background. Two initial Chinese (Cantonese) drafts were
produced independently (MFIS-C-D1 and 2). Second, the
two initial Chinese (Cantonese) drafts (MFIS-C-D1 and 2)
and the original English version of MFIS were reviewed
by the two independent bilingual translators. Discrepancies found in the two drafts were discussed and resolved
between them to reach a consensus Chinese (Cantonese)
version (MFIS-C-D3). Third, the consensus version of
MFIS-C (MFIS-C-DC) was then translated back into English (backward translation, MFIS-C-DE) by another two
independent bilingual translators who were not involved
in the forward translation process, including one with
rehabilitation training background, and the other one was
a professional translator without rehabilitation training
background. Linguistic discrepancies were discussed and
resolved among these two independent bilingual translators. In the fourth step, the MFIS-C-DE was evaluated
by an expert panel consisted of six panel members who
have at least 6 years of experience in stroke rehabilitation
practice and/or research, including three registered physiotherapists, one rehabilitation therapist, one registered
nurse and one mental health nurse, on its equivalence of
content, semantics, conceptual as well as technical discrepancies with the original English version of MFIS to
produce the pilot version of Chinese (Cantonese) MFIS
(MFIS-C-pilot). Then the MFIS-C-pilot was tested on
10 subjects with stroke to ensure its fluency, clarity and
comprehensibility. The finalized version of MFIS-C was
then established.
Sample and data collection procedure

In phase 2 of the present study, convenient sampling was
used to recruit 101 people with stroke and 50 healthy
older people from a university-affiliated neurorehabilitation laboratory through poster advertisement. The inclusion criteria for stroke participants were: (1) chronic
stroke with over 12 months post stroke with age 50 or
older, (2) cognitively intact with score in the Abbreviated
Mental Test ≥7, (3) capable of walking independently or
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with assistance or walking aids for 10 m, and (4) understand Cantonese. The subjects were excluded if they had:
(1) unstable medical conditions such as coronary disease,
comorbid psychiatric diseases, neurological problems
(e.g. multiple sclerosis and Parkinson’s disease), and (2)
musculoskeletal problems (e.g. painful knee osteoarthritis) that might impede the assessment procedures. The
same inclusion and exclusion criteria were used for the
recruitment of healthy older participants except for having a history of stroke.
We conducted all the assessments in a University-affiliated Neurorehabilitation Laboratory. Informed written consent was obtained from all the study participants
prior to the study began. For the stroke participants,
the sociodemographic data sheet, MFIS-C, Fugl-Meyer
Assessment of Lower Extremity (FMA-LE), Timed Up
& Go Test (TUG), the Chinese version of the Community Integration Measure (CIM-C) and the Chinese version of the 12-Item Short Form Health Survey Version 2
(SF-12v2-C) were administered to them on day 1. After a
1-week interval (day 2), 52 of the 101 stroke participants
were randomly selected by drawing lots for re-assessment with the MFIS-C. For the healthy participants, the
sociodemographic data sheet and MFIS-C were administered on day 1 only. All the assessments were conducted
according to the principles of the Declaration of Helsinki
for human experiments.

to complete performance, partial performance, and no
performance respectively. The inter-tester reliability of
the FMA-LE was found to be excellent (ICC = 0.92) on
people with stroke [18].

Outcome measures
Modified fatigue impact scale (MFIS)

The 12‑item short form health survey version 2 (SF‑12v2)

The Modified Fatigue Impact Scale (MFIS) is a shortened
version of Fatigue Impact Scale (FIS) which was initially
developed to assess the level of fatigue in people with
multiple sclerosis (MS). The items are scored according to a 5-point Likert scale (0 = Never, and 1 = Seldom, 2 = Sometimes, 3 = Often, 4 = almost always) to
assess the frequency of fatigue impact to their daily life
in the past 4 weeks. According to Schiehser et al. the
MFIS could be refined into a 2 factor structure measure
with total score ranging from 0 to 84 and a higher score
implies a greater impact of fatigue [17, 19]. The internal
consistency of the MFIS was reported to be excellent
(Cronbach’s alpha = 0.81–0.97) in people with MS [15,
16], Parkinson’s Disease [17] and traumatic brain injury
[19]. The test-retest reliability of the MFIS was found to
be good (ICC = 0.73–0.91) in people with MS [14, 15].
Fugl‑Meyer assessment of lower extremity (FMA‑LE)

The FMA-LE was used to assess the motor control of the
lower limb [18]. It consists of items evaluating reflexes,
synergic patterns and coordination, with a maximum
score of 34 points. Each item is rated on a 3-point ordinal
scale, in which 2 points, 1 point and 0 point correspond

Timed up & go test (TUG)

The TUG test was used to assess the basic functional
performance in terms of mobility, balance and gait [21].
It consists of sitting, standing up, walking 3 m, turning
180°, then walking back and sitting down. The time for
completion was recorded [21]. Shorter completion time
indicates better functional capacity, balance, as well as
faster gait speed [22]. The TUG test had a satisfactory
intra-rater and interrater reliability with high ICC values
of 0.95 [21].
Community integration measure (CIM)

The Chinese version of the Community Integration
Measure (CIM-C) was used to examine the participants’
level of community integration. The questionnaire consists of 10 items which investigate different domains of
community integration, such as belonging and independent participation. An unweighted single summary score
from 10 to 50 would be obtained [23]. Moreover, excellent internal consistency (Cronbach’s alpha = 0.84) and
test-retest reliability (ICC = 0.84) were observed in the
CIM-C done in people with stroke [24].
The Chinese version of the 12-Item Short Form Health
Survey Version 2 (SF-12v2-C) was used to assess the
participant’s health-related quality of life. The scale comprises 12 items and produces two summary scores (physical component score and mental component score) [25].
The physical component score and mental component
score both ranges from 0 to 100. A higher score indicates
a better health-related quality of life. The SF-12v2 demonstrated moderate to excellent internal consistency in
all subscales (Cronbach’s α = 0.62–0.82) except the mental health subscale (Cronbach’s α = 0.48). It was reported
to have good test-retest reliability (ICC = 0.60–0.82) [25].
Data analysis

The item level CVI (I-CVI) was calculated by the number
of panel members choosing grade 3 (quite relevant) or
grade 4 (highly relevant) over the total number of panel
members [26]. An I-CVI value of 1.0 is considered a quite
or highly relevant item. The scale-level CVI (S-CVI) was
determined by averaging the I-CVIs (scale-level content
validity index, averaging calculation method; S-CVI-Ave)
and calculating the proportion of item achieving a relevance rating of 3 or 4 by all the panel members (scalelevel content validity index, universal agreement method;
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S-CVI-UA). A S-CVI value of 1.0 represents the acceptable content validity of the overall scale.
IBM SPSS Statistics 26 was used to conduct all statistical analysis. Statistical significance was taken at
p < 0.05. Descriptive statistics were adopted to summarize the participants’ demographic characteristics and
responses towards the MFIS-C. Internal consistency
was determined using Cronbach’s alpha coefficient and
item-total correlations. Test-retest reliability was estimated by intraclass correlation coefficient 
(ICC3,1) as
the rater was fixed for the two testing occasions. ICCs
of > 0.9, 0.75–0.90, 0.50–0.75 and < 0.50 indicate excellent, good, moderate and poor correlation, respectively
[27]. Standard Error Measurement (SEM) was calculated
by Baseline SD x √1- Intraclass coefficient [28]. Then,
minimal detectable change (MDC) was found using the
equation of SEM × 1.96 x √2 [28]. It indicates the minimal amount of change that can be interpreted as a real
change in the scale.
Correlations of MFIS-C scores with FMA-LE scores,
TUG completion times, CIM-C and SF-12v2-C scores
were assessed by Pearson’s r or Spearman’s rho depending on the result of the K-S test, which was used for determining if the data are parametric or non-parametric. If
the data are parametric, Pearson’s r would be used for
correlation analysis. Otherwise, Spearman’s rho would be
selected as the analysis method. Correlation coefficient
ranges from 0.00 to 0.10 (negligible correlation), 0.10 to
0.39 (weak correlation), 0.40–0.69 (moderate correlation), 0.70–0.89 (strong correlation) and greater than 0.9
(very strong correlation) [29].
For the sample size calculation of the test-retest reliability, an estimated ICC value of 0.9 was adopted as no
previous study assessing the test-retest reliability of the
MFIS in people with stroke. With null hypothesis ICC
value of 0.8 and a significance level of 0.05, the minimum required sample size was 46 to achieve 80% power
to detect an ICC value of 0.9. The test-retest reliability sample size was estimated using the PASS software
(Version 14NCSS, LLC. Kaysville, Utah, USA). For the
sample size required for correlational analyses, significant weak correlations (r < 0.25) between the MFIS-C
and other outcome measures were assumed. To achieve
80% power and a significant level of 0.05, the minimum
sample size is 95.

Results
Content validity

All the I-CVI, S-CVI/Ave and S-CVI/UA values are 1,
suggesting that the validity of each individual item and
the overall MFIS-C are satisfactory (Appendix I, Supplementary file).
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Table 1 Characteristics of participants
Stroke
participants
(n = 101)

Healthy
participants
(n = 50)

63.82 ± 6.40

61.78 ± 7.41

Women

43 (42.6)

35 (70.0)

Men

58 (57.4)

15 (30.0)

BMI (kg/m2), mean + SD

24.13 ± 3.02

22.43 ± 3.19

Primary or below

23 (22.8)

9 (18.0)

Secondary

64 (63.4)

33 (66.0)

College or above

14 (13.8)

8 (16.0)

Single

9 (8.9)

4 (8.0)

Married

76 (75.2)

45 (90.0)

Divorced/separated

9 (8.9)

1 (2.0)

Widowed/widowered

7 (6.9)

0

Alone

10 (9.9)

4 (8.0)

With others

91 (90.1)

46 (92.0)

Age (y), mean + SD

Sex, n (%)

Education level, n (%)

Marital status, n (%)

Living arrangement, n (%)

Type of stroke, n (%)
Ischemia

69 (68.3)

Haemorrhage

32 (31.7)

Years since stroke (y), mean + SD

6.74 ± 4.42

Left

46 (45.5)

Hemiplegic side, n (%)
Right

55 (54.5)

FMA-LE,, mean + SD

26.12 ± 4.46

TUG, mean + SD

17.64 ± 14.23

PCS, mean + SD

39.25 ± 9.09

CIM-C, mean + SD

MCS, mean + SD

40.38 ± 7.05

48.62 ± 10.64

n number, BMI body mass index, FMA-LE Fugl-Meyer assessment for the lower
extremities, TUGTimed Up & Go Test, CIM-C the Chinese version of Community
Integration Measure, PCS physical component summary, MCS mental
component summary

Characteristics of the subjects

A total of 101 stroke participants recruited in this study
and details of their characteristics were summarized in
Table 1.
Level of fatigue among Hong Kong Chinese people
with stroke

The overall, cognitive, and physical and psychosocial subscales mean scores were 39.60 (SD 13.48), 16.85 (SD 6.36)
and 22.75 (SD 8.21), respectively (Table 2). The item with
the highest score (2.34 ± 0.99) was item 6 (I have had to
pace myself in my physical activities), and the items with
the lowest scores were item 3 (1.63 ± 1.02) (I have been
unable to think clearly) and item 15 (1.63 ± 0.85) (I have
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Table 2 Mean and standard deviation (SD), mode and median
of MFIS-C item scores of stroke participants (n = 101)
Items.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
Overall
Cognitive
Physical/psychosocial

Mean ± SD

1.52 ± 0.90

1.76 ± 1.04

1.63 ± 1.02

1.68 ± 1.23

1.84 ± 1.08

2.34 ± 0.99

2.13 ± 1.01

2.03 ± 1.10

1.99 ± 1.20

2.10 ± 1.02

1.70 ± 0.99

1.70 ± 1.03

2.04 ± 1.06

1.79 ± 0.95

1.63 ± 0.85

1.65 ± 0.90

2.31 ± 1.00

1.66 ± 0.91

1.73 ± 0.99

2.25 ± 1.03

2.10 ± 1.21

Mode

Median

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

3

2

2

2

2

2

1

2

2

2

2

2

2

2

2

2

2

2

1

2

2

2

2

2

2

2

39.60 ± 13.48
16.85 ± 6.36
22.75 ± 8.21

MFIS-C, the Chinese (Cantonese) version of Modified Fatigue Impact Scale (MFIS)

had trouble finishing tasks that require thinking). Table 3
compares the MFIS-C subscale scores with different
socio-demographics. Independent t – tests showed that
there were no significant difference in both the MFIS-C
subscale scores of stroke participants between men and
women, living alone and others, ischemic and haemorrhagic stroke, and left or right side hemiplegia, while
one-way ANOVA revealed that there were no significant
differences between stroke participants with different
educational status (primary, secondary and tertiary or
above) and marital status (single, married, widowed/widowered, and divorced/separated). Healthy participants
had lower overall (t = 3.94, p < 0.001), cognitive (t = 2.89,
p = 0.005), and physical and psychosocial (t = 4.56,
p < 0.001) subscales mean scores than those of stroke
participants.
Internal consistency

The overall MFIS-C (Cronbach’s Alpha = 0.92) and
both MFIS-C subscales demonstrated excellent and
good internal consistency (Cognitive subscale, Cronbach’s Alpha = 0.85; physical and psychosocial subscale,

Cronbach’s Alpha = 0.89), respectively (Table 4). There
was moderate to good item-total correlation ranging
from 0.46 (item 18) to 0.63 (item 3) and from 0.50 (item
4) to 0.71 (item 9) in the cognitive subscale and physical
and psychosocial subscale, respectively. No item deletion
could improve the values of Cronbach’s Alpha in either of
the subscale.
Test‑retest reliability and MDC

Fifty-two of the stroke participants randomly selected
by drawing lots for reassessment after a 1-week interval.
The overall MFIS-C and MFIS-C subscales demonstrated
good test-retest reliability (Table 5). The ICC values for
the individual items ranged from 0.53 to 0.65, with item
11 (I have had difficulty making decisions) and 19 (I have
had trouble concentrating) showing the least consistency,
and item 3 (I have been unable to think clearly) and 5 (I
have been forgetful) showing the most consistency. The
MDC95 (SEM) and MDC95% of the overall MFIS-C, cognitive subscale and physical and psychosocial subscale
are 14.86 (5.38) and 38.3%, 7.49 (2.71) and 44.8%, and
9.70 (3.51) and 44.0%, respectively.
Correlation of MFIS‑C scores

All the MFIS-C subscale scores have no significant correlations with the FMA-LE score and TUG completion
time, but significant weak to moderate negative correlations with the CIM-C, PCS and MCS scores. (Table 6).

Discussion
This is the first study to translate and culturally adapt the
Chinese (Cantonese) version of Modified Fatigue Impact
Scale (MFIS-C) and validate its psychometric properties in Hong Kong Chinese people with stroke. The
MFIS-C has satisfactory content validity, and the overall
MFIS-C and its subscales have excellent and good internal consistency, respectively. Good test-retest reliability
demonstrated in the overall MFIS-C and its subscales.
Significant associations with measures of community
integration and health-related quality of life were also
identified. The level of fatigue of community-dwelling
people with stroke was reported to be high in the present
study, and we established the MDC values of 14.86, 7.49,
and 9.70 for the MFIS-C physical, cognitive and psychosocial subscales, respectively, using this cohort of stroke
participants.
The content validity of MFIS-C was assessed by the
expert panel established in this study. The excellent itemlevel and scale-level content validity index supported the
linguistic and equivalence of the MFIS-C in assessing
the construct of fatigue among the community-dwelling
Hong Kong Chinese people with chronic stroke.
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Table 3 Comparisons for fatigue of stroke participants with different characteristics (n = 101)
Overall MFIS

Gendera
Male
Female
Educational statusb
Primary
Secondary
Tertiary or above
Marital statusb
Single
Married
Widowed/widowered
Divorced/separated
Living statusa
Alone
With others
Type of strokea
Ischemia
Haemorrhage
Hemiplegic sidea
Left
Right

39.84 ± 11.87

39.28 ± 15.53
40.35 ± 9.88

t, F-ratio (p-value)

t = 0.20 (p = 0.84)

F = 0.07 (p = 0.94)

39.23 ± 14.33

40.07 ± 15.31

40.33 ± 19.43

F = 0.02 (p = 1.00)

39.41 ± 12.54

44.00 ± 13.84

39.12 ± 13.43

39.52 ± 12.53

39.78 ± 15.54
38.57 ± 12.22

40.47 ± 14.50

independent t test

b

one way ANOVA

16.49 ± 7.38

17.61 ± 5.66

t = 0.47 (p = 0.64)

F = 0.49 (p = 0.62)

17.79 ± 7.11

17.56 ± 8.00

F = 0.12 (p = 0.95)

16.63 ± 5.90

t = 1.06 (p = 0.31)

t = −0.90 (p = 0.93)

t = −0.72 (p = 0.48)

17.71 ± 8.85

19.40 ± 7.35

16.57 ± 6.22

16.75 ± 6.32

17.06 ± 6.54
15.98 ± 5.77

17.58 ± 6.77

Our findings revealed that the people with chronic
stroke living in Hong Kong were reported to have high
level of fatigue (39.60 ± 13.48). This finding was comparable to those with multiple sclerosis (MS) [28] which
exceeds the cut-off score of 35.5–38 in people with
MS [28, 30]. If the same MFIS cut-off score for people with MS is applied to our study, 60–71 subjects
(59.41–70.29%) of our study will be considered as suffering from fatigue. The reasons of high level of fatigue
reported among people with chronic stroke could possibly be explained by the underlying neurological conditions and mood disturbance after stroke. From the
neuromuscular perspective, Kuppuswamy et al. suggested that decrease in corticomotor excitability in
people with stroke was accompanied by suboptimal
output from motor cortex, contributing to the decline
in neural drive to alpha motor neurons [31]. Failure in
signal propagation and excitation-contraction coupling
were also identified in people with stroke [31]. From
the psychological perspective, Wu et al. suggested that
post-stroke fatigue was associated with post-stroke
depression and lack of energy was one of the core
symptoms of depression [32].

Physical/psychosoical t, F-ratio (p-value)
subscale, mean ± SD

22.72 ± 7.46

16.49 ± 7.38

22.74 ± 6.18

t = −0.04 (p = 0.97)

F = 0.03 (p = 0.97)

22.86 ± 8.82

22.29 ± 8.74

22.78 ± 11.72

F = 0.02 (p = 1.00)

22.78 ± 7.81

17.33 ± 7.35

MFIS-C, the Chinese version of Modified Fatigue Impact Scale
a

17.12 ± 5.53

t, F-ratio (p-value)

16.38 ± 6.47

39.86 ± 17.81

39.86 ± 17.81

Cognitive
subscale,
mean ± SD

23.00 ± 7.37

t = 1.17 (p = 0.27)

t = −0.22 (p = 0.82)

t = −1.29 (p = 0.20)

22.14 ± 9.26

24.60 ± 7.97

22.55 ± 8.25

22.77 ± 7.52

22.72 ± 9.67
22.59 ± 7.49

t = 0.77 (p = 0.46)

t = 0.03 (p = 0.98)

t = − 0.19 (p = 0.85)

22.89 ± 8.84

Among the MFIS-C items, the items with the highest
item mean score were item 6 (I have had to pace myself
during physical activity) with item mean score of 2.34
(0.99). This shows that physical fatigue was relatively
more prominent in our subjects with stroke, affecting their daily physical tasks. The items with the lowest
item mean score were item 3 (I have been unable to think
clearly) with item mean score of 1.63 (1.02), and item 15
(I have had trouble finishing tasks that require thinking) also with an item mean score of 1.63 (0.85). The low
scores in these 2 items could be attributed to the fact that
our subjects were cognitively intact (AMT score > 7) and
active community-dwelling stroke survivors who were
eager to participate in social activities.
We calculated the item-level and subscale-level Cronbach’s alpha coefficients to examine the measuring ability of the MFIS-C to quantify the various facets of the
construct fatigue. For the overall MFIS-C, our findings
(Cronbach’s alpha = 0.92) were consistent with previous studies for various neurological populations, including Parkinson’s disease (PD) (Cronbach’s alpha = 0.95)
[17] and traumatic brain injury (TBI) (Cronbach’s
alpha = 0.95) [19] . All the items of the MFIS-C had
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Table 4 Internal consistency of MFIS-C (stroke participants, n = 101)
Item

Corrected item-total
correlation

Cronbach’s
𝛼 if item
deleted

Cognitive subscale
1

I have been less alert

0.60

0.83

2

I have had difficulty paying attention for long periods of time.

0.55

0.84

3

I have been unable to think clearly.

0.63

0.83

5

I have been forgetful.

0.55

0.84

11

I have had difficulty making decisions.

0.55

0.84

12

I have been less motivated to do anything that requires thinking

0.51

0.84

15

I have had trouble finishing tasks that require thinking.

0.57

0.84

16

I have had difficulty organizing my thoughts when doing things at home or at
work.

0.56

0.84

18

My thinking has been slowed down.

0.46

0.85

19

I have had trouble concentrating.

0.56

0.84

Physical/social subscale
4

I have been clumsy and uncoordinated.

0.50

0.89

6

I have had to pace myself in my physical activities.

0.65

0.88

7

I have been less motivated to do anything that requires physical effort.

0.58

0.88

8

I have been less motivated to participate in social activities.

0.66

0.88

9

I have been limited in my ability to do things away from home.

0.71

0.88

10

I have had trouble maintaining physical effort for long periods.

0.64

0.88

13

My muscles have felt weak.

0.65

0.88

14

I have been physically uncomfortable.

0.57

0.89

17

I have been less able to complete tasks that require physical effort.

0.62

0.88

20

I have limited my physical activities.

0.63

0.88

21

I have needed to rest more often or for longer periods.

0.60

0.88

Overall MFIS, Cronbach’s alpha = 0.92

Cognitive subscale (1,2, 3, 5, 11, 12, 15, 16, 18, 19), Cronbach’s alpha = 0.85

Physical and psychosocial subscale (4, 6, 7, 8, 9, 10, 13, 14, 17, 20, 21), Cronbach’s alpha = 0.89

item-total correlations of r > 0.30 (Field) supporting that
they were measuring the same construct.
The present study demonstrated moderate to good
test-retest reliability in the overall MFIS-C total score
and all subscale scores with ICC of 0.81–0.84 when readministered within a 1-week interval by the same tester.
These findings were consistent with 2 previous studies
that validated MFIS for patients with MS [14, 15] demonstrated good to excellent test-retest reliability with ICC of
0.73–0.93. The good reliability in our study could be due
to three reasons: (1) accurate translation with relevant
cultural adaptation, (2) optimal test-retest time interval
of 1 week that minimize practice/memory effect as well
as the chance of any occurrence of significant changes
in the subjects’ life that may impact their self-perceived
level of fatigue, and (3) the use of a standardized protocol with the same tester administrating the retest for the
same subject to reduce inter-rater variability.
Among the 21 individual items of the MFIS-C, item 11
(I have had difficulty making decisions) and item 19 (I

have had trouble concentrating) appeared to have comparatively low ICC of 0.53. One of the possible explanations may be that the term “decision making” and
“concentrating” are too broad and vague and subject to
participants’ subjective interpretation. In addition to
the linguistic issues, another possible explanation is that
both the item 11 and 19 operationalized the construct
of fatigue in non-specific conditions instead of contextspecific conditions. This might further reduce the reliability of these 2 items. To ensure the repeatability of
clinical measures, it is advised to revisit the operationalization of the construct intended to measure to be easily
quantifiable.
Minimally detectable change of MIF-C indicates the
minimal change in score which reflects the real change in
the result by eliminating the measurement errors. This is
the first study to investigate MDC95 of MFIS-C in stroke
survivors. The total and subscale’s M
 DC95% ranged from
38.3 to 44% indicating that substantial random measurement error might be existed. This finding suggested that
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Table 5 The results of test-retest reliability
Item

Mean 1 Mean 2 ICC

95%CI low 95%CI high

1

1.40

1.63

0.64 0.43

0.78

2

1.67

1.71

0.56 0.34

0.72

3

1.52

1.63

0.65 0.46

0.78

4

1.69

1.81

0.62 0.42

0.76

5

1.79

1.77

0.65 0.47

0.79

6

2.31

2.10

0.58 0.37

0.73

7

2.21

2.27

0.57 0.35

0.73

8

2.17

1.85

0.64 0.41

0.78

9

2.06

2.23

0.59 0.39

0.74

10

2.15

2.21

0.61 0.40

0.76

11

1.81

1.79

0.53 0.30

0.70

12

1.77

1.83

0.57 0.35

0.73

13.

1.98

1.73

0.63 0.43

0.77

14.

1.69

1.67

0.59 0.38

0.74

15.

1.75

1.62

0.57 0.35

0.73

16.

1.71

1.60

0.55 0.32

0.71

17.

2.19

2.08

0.63 0.44

0.77

18.

1.63

1.52

0.57 0.35

0.73

19.

1.77

1.63

0.53 0.31

0.70

20.

2.23

2.21

0.56 0.34

0.72

21.

2.19

1.90

0.63 0.43

0.77

Cognitive subscale

16.83

16.73

0.83 0.72

0.90

Physical/social
subscale

22.88

22.06

0.81 0.70

0.89

Overall

39.71

38.79

0.84 0.74

0.91

ICC intraclass correlation coefficient, CI confidence interval

score is a subjective measurement of one’s perceived
fatigue level during activities of daily living, while the
FMA-LE is an objective measures of motor control of the
lower limb. For community-dwelling people with chronic
stroke, they could have been adapted to the post-stroke
living style and adopted various compensatory strategies
to accommodate the post-stroke lower limb impairment.
Thus, no association was identified between this cohort
of stroke participants. Moreover, the TUG is a useful
tool in assessing fall risk and basic functional mobility
in people with stroke [23] and requires only little energy
consumption. Thus, functional tests with higher energy
demand such as 6-minute walk test, which measures
the total distance covered within 6 minutes at a tolerable
and fast walking speed, might be required to establish a
stronger correlation with level of fatigue.
As anticipated, the overall MFIS-C and MFIS-C subscales were found to have weak to moderate association
with a community integration measure (Community
Integration Measure, CIM) and a health-related quality of life measure (12-item Short Form Health Survey,
SF-12v2). In a previous study of people with stroke [33],
78% respondents identified fatigue as the major hindrance of community reintegration. Our findings highlighted that fatigue could interfere the degree of social
inclusion through various aspects, such as diminishing
the motivation to participate in social activities and
sense of being engaged in interpersonal relationships.
These findings echoed a previous study examined community integration in people with MS, such that fatigue
was associated with lower home competency which

Table 6 Correlations between MFIS-C and other health measures
Measures
FMA-LE
TUG
CIM-C
PCS
MCS

Overall MFIS-C
r = −0.101, p = 0.313

r = 0.137, p = 0.175

r = − 0.357, p < 0.001

r = − 0.336, p = 0.001

r = − 0.346, p < 0.001

Cognitive subscale
r = 0.004, p = 0.97

r = 0.037, p = 0.714

r = − 0.338, p = 0.001

r = − 0.243, p = 0.015

r = − 0.624, p < 0.001

Physical/social subscale
r = −0.169, p = 0.091

r = 0.196, p = 0.051

r = − 0.325, p = 0.001

r = − 0.388, p < 0.001

r = − 0.539, p < 0.001

FMA-LE Fugl-Meyer Assessment for Lower Extremity, TUGTimed Up and Go Test, CIM-C the Chinese version of Community Integration Measure, PCS physical
component summary, MCS mental component summary

for clinical application, people with chronic stroke are
required to achieve high change scores of the MFIS-C to
represent a true change of level of fatigue.
Surprisingly, the overall and subscales of MFIS-C were
found to have no significant correlation with a lower limb
impairment measure (Fugl-Meyer Assessment for lower
extremity, FMA-LE) and a functional mobility measure
(Timed Up & Go Test, TUG) in the present study. One of
the possible explanations for the insignificant correlation
between the MFIS-C and FMA-LE was that the MFIS-C

was important to community integration [34]. In addition, for mental well-being, a study showed that fatigue
in people with MS was associated with depression,
measured by MFIS and Beck Depression Inventory
(BDI), with high correlation between all MFIS subscale
scores and BDI (r = 0.59, 0.59, 0.49 respectively) [14].
This coincides with our findings that the MFIS-C scores
significantly correlates with the SF-12v2 mental component score. Such significant correlations found in our
study also agree with a study that investigated mental
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health in people with MS. In that study, fatigue in people with MS was evaluated to be significantly associated with poorer mental health, measured by mental
index of Short Form 36, using linear regression analysis
(β = − 0.23) [35].
This study has several limitations. In the present
study, the translation of MFIS-C was suitable for the
stroke population in Hong Kong because it was culturally adapted for the Hong Kong environment. However,
perceptions of the MFIS-C in other Chinese populations such as Mainland China may be different given
the difference in cultures. Second, the sample size calculation of our study was based on the reliability, which
may not be sufficient to detect the significant correlations between MFIS-C scores and other outcome measures scores. Third, the findings of the present study
could only be generalized to those fulfilling our inclusion and exclusion criteria. The study participants were
not representative of those who experienced different level of post-stroke impairment and/or in different
stage of stroke. Thus, the generalizability of the present study is limited. Fourth, our expert panel did not
consist of a member with occupational training background. As occupational therapists have an important
role in the assessment and rehabilitative interventions
of people with fatigue syndrome, the inclusion of them
might contribute to the assessment of cultural equivalence. Fifth, our stroke participants were not checked
for history of chronic fatigue syndrome before entering the present study. Thus, it might or might not have
impacts on our findings. Finally, we did not examine
the construct validity of the MFIS-C due to the insufficient number of subject. Future study is recommended
to examine the construct validity in order to expand the
understanding of the psychometric properties of MFIS.
In conclusion, fatigue is a common complication
after stroke and it may affect either or both the physical and mental health of people with stroke. The present study provides the evidence that MFIS is a valid
and reliable measure which could be used to assess and
monitor fatigue in both clinical and research settings.
It can also help clinicians evaluate the effectiveness of
rehabilitative interventions designed to alleviate fatigue
in people with stroke. The identified MDC values could
also help clinicians to assess the real change of level of
fatigue among people with chronic stroke.
Abbreviations
CIM: Community Integration Measure; CVI: Content validity index; FAS:
Fatigue Assessment Scale; FSS: Fatigue Severity Scale; FMA-LE: Fugl-Meyer
Assessment of Lower Extremity; ICC: Intraclass correlation coefficient; MDC:
Minimal detectable change; MFIS: Modified Fatigue Impact Scale; MS: Multiple
sclerosis; PD: Parkinson’s disease; SEM: Standard error measurement; SF-12v2:

Page 9 of 10

12-Item Short Form Health Survey Version 2; TBI: Traumatic brain injury; TUG:
Timed Up & Go Test.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-022-02832-w.
Additional file 1.
Acknowledgements
Not applicable.
Authors’ contributions
All authors have made significant contributions to the study. Conceptualization: SSMN and TWL; Methodology: SSMN, TWL; Formal analysis and
investigation: SSMN, TWL; Writing - original draft preparation: SSMN, TWL and
JT; Writing - review and editing: SSMN, TWL and JT; Resources and supervision:
SSMN. The author(s) read and approved the final manuscript.
Funding
This study is supported by Departmental Research Grant (ref P0013897) from
Department of Rehabilitation Sciences, The Hong Kong Polytechnic University
awarded to Prof. Shamay S.M. Ng and her team.
Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The protocol was approved by the Departmental Research Committee of the
Hong Kong Polytechnic University and conducted according to the principles
of the Declaration of Helsinki for human experiments. Written informed consent was obtained before the study began.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests with respect to
either the authorship or the publication of this paper.
Author details
1
Department of Rehabilitation Sciences, The Hong Kong Polytechnic University, Hung Hom, Hong Kong, Special Administrative Region of China. 2 School
of Nursing and Health Studies, Hong Kong Metropolitan University, Ho Man
Tin, Hong Kong, Special Administrative Region of China. 3 Department of Psychiatry, Prince of Wales Hospital & Shatin Hospital, Shatin, Hong Kong, Special
Administrative Region of China.
Received: 14 May 2022 Accepted: 9 August 2022

References
1. Chaudhuri A, Behan PO. Fatigue in neurological disorders. Lancet.
2004;363(9413):978–88.
2. Ingles JL, Eskes GA, Phillips SJ. Fatigue after stroke. Arch Phys Med
Rehabil. 1999;80(2):173–8.
3. van der Werf SP, van den Broek HL, Anten HW, Bleijenberg G. Experience of severe fatigue long after stroke and its relation to depressive
symptoms and disease characteristics. Eur Neurol. 2001;45(1):28–33.
4. Finsterer J, Mahjoub SZ. Fatigue in healthy and diseased individuals.
Am J Hosp Palliat Care. 2014;31(5):562–75.

Ng et al. BMC Neurology

5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

(2022) 22:300

Siciliano M, Trojano L, Santangelo G, De Micco R, Tedeschi G, Tessitore
A. Fatigue in Parkinson’s disease: a systematic review and meta-analysis. Mov Disord. 2018;33(11):1712–23.
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(2):134–41.
Glader EL, Stegmayr B, Asplund K. Poststroke fatigue: a 2-year follow-up
study of stroke patients in Sweden. Stroke. 2002;33(5):1327–33.
Mandliya A, Das A, Unnikrishnan JP, Amal MG, Sarma PS, Sylaja PN.
Post-stroke fatigue is an independent predictor of post-stroke disability and burden of care: a path analysis study. Top Stroke Rehabil.
2016;23(1):1–7.
Lerdal A, Kottorp A. Psychometric properties of the fatigue severity scaleRasch analyses of individual responses in a Norwegian stroke cohort. Int J
Nurs Stud. 2011;48(10):1258–65.
Bråndal A, Eriksson M, Wester P, Lundin-Olsson L. Reliability and validity
of the Swedish fatigue assessment scale when self-administrered by persons with mild to moderate stroke. Top Stroke Rehabil. 2016;23(2):90–7.
Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity
scale. Application to patients with multiple sclerosis and systemic lupus
erythematosus. Arch Neurol. 1989;46(10):1121–3.
Michielsen HJ, De Vries J, Van Heck GL, Van de Vijver FJR, Sijtsma K. Examination of the dimensionality of fatigue - the construction of the fatigue
assessment scale (FAS). Eur J Psychol Assess. 2004;20(1):39–48.
Mead G, Lynch J, Greig C, Young A, Lewis S, Sharpe M. Evaluation of
fatigue scales in stroke patients. Stroke. 2007;38(7):2090–5.
Ghajarzadeh M, Jalilian R, Eskandari G, Sahraian MA, Azimi AR. Validity and reliability of Persian version of modified fatigue impact scale (MFIS) questionnaire
in Iranian patients with multiple sclerosis. Disabil Rehabil. 2013;35(18):1509–12.
Kos D, Kerckhofs E, Nagels G, D’Hooghe BD, Duquet W, Duportail M, et al.
Assessing fatigue in multiple sclerosis: Dutch modified fatigue impact
scale. Acta Neurol Belg. 2003;103(4):185–91.
Kos D, Kerckhofs E, Carrea I, Verza R, Ramos M, Jansa J. Evaluation of the
modified fatigue impact scale in four different European countries. Mult
Scler. 2005;11(1):76–80.
Schiehser DM, Ayers CR, Liu L, Lessig S, Song DS, Filoteo JV. Validation of
the modified fatigue impact scale in Parkinson’s disease. Parkinsonism
Relat Disord. 2013;19(3):335–8.
Sanford J, Moreland J, Swanson LR, Stratford PW, Gowland C. Reliability
of the Fugl-Meyer assessment for testing motor performance in patients
following stroke. Phys Ther. 1993;73(7):447–54.
Schiehser DM, Delano-Wood L, Jak AJ, Matthews SC, Simmons AN, Jacobson MW, et al. Validation of the modified fatigue impact scale in mild to
moderate traumatic brain injury. J Head Trauma Rehabil. 2015;30(2):116–21.
Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines for the
process of cross-cultural adaptation of self-report measures. Spine (Phila
Pa 1976). 2000;25(24):3186–91.
Hafsteinsdottir TB, Rensink M, Schuurmans M. Clinimetric properties of
the timed up and go test for patients with stroke: a systematic review.
Top Stroke Rehabil. 2014;21(3):197–210.
Podsiadlo D, Richardson S. The timed "up & go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142–8.
McColl MA, Davies D, Carlson P, Johnston J, Minnes P. The community
integration measure: development and preliminary validation. Arch Phys
Med Rehabil. 2001;82(4):429–34.
Liu TW, Ng SS, Ng GY. Translation and initial validation of the Chinese
(Cantonese) version of community integration measure for use in
patients with chronic stroke. Biomed Res Int. 2014;2014:623836.
Lam ET, Lam CL, Fong DY, Huang WW. Is the SF-12 version 2 health survey
a valid and equivalent substitute for the SF-36 version 2 health survey for
the Chinese? J Eval Clin Pract. 2013;19(1):200–8.
Polit DF, Beck CT, Owen SV. Is the CVI an acceptable indicator of content validity? Appraisal and recommendations. Res Nurs Health. 2007;30(4):459–67.
Koo TK, Li MY. A guideline of selecting and reporting Intraclass correlation
coefficients for reliability research. J Chiropr Med. 2016;15(2):155–63.
Alawami AS, Abdulla FA. Psychometric properties of an Arabic translation
of the modified fatigue impact scale in patients with multiple sclerosis.
Disabil Rehabil. 2021;43(22):3251–9.
Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use
and interpretation. Anesth Analg. 2018;126(5):1763–8.

Page 10 of 10

30. Flachenecker P, Kumpfel T, Kallmann B, Gottschalk M, Grauer O, Rieckmann
P, et al. Fatigue in multiple sclerosis: a comparison of different rating scales
and correlation to clinical parameters. Mult Scler. 2002;8(6):523–6.
31. Kuppuswamy A, Clark EV, Turner IF, Rothwell JC, Ward NS. Post-stroke
fatigue: a deficit in corticomotor excitability? Brain. 2015;138(Pt 1):136–48.
32. Wu S, Barugh A, Macleod M, Mead G. Psychological associations of
poststroke fatigue: a systematic review and meta-analysis. Stroke.
2014;45(6):1778–83.
33. Walsh ME, Galvin R, Loughnane C, Macey C, Horgan NF. Community reintegration and long-term need in the first five years after stroke: results
from a national survey. Disabil Rehabil. 2015;37(20):1834–8.
34. Kratz AL, Ehde DM, Hanley MA, Jensen MP, Osborne TL, Kraft GH. Crosssectional examination of the associations between symptoms, community integration, and mental health in multiple sclerosis. Arch Phys Med
Rehabil. 2016;97(3):386–94.
35. Portney LG, Watkins MP. Foundations of clinical research: applications to
practice. Upper Saddle River, NJ: Pearson/Prentice Hall; 2009.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

