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1 | INTRODUCTION
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Abstract

Background: Fatigue is one of the most debilitating symptoms in multiple sclerosis
(MS) considerably interfering with patients’ daily functioning. Both researchers and
clinicians need psychometrically robust methods to evaluate fatigue in MS.
Objectives: The objective of this study was (i) to evaluate the psychometric properties
of the Finnish version of the Fatigue Severity Scale (FSS) and (ii) to describe the results
among patients with MS.

Methods: In total, 553 patients with MS (mean age, 53.8 years; standard deviation
[SD], 11.4; 79% women: mean patient-defined disease severity, Expanded Disability
Status Scale [EDSS] 4.0, SD, 2.5) completed the self-administered questionnaires in-
cluding the FSS. A standard procedure was used for the translation of the FSS.
Results: The mean (SD) score for the FSS was 4.5 (1.7); in 65% of the patients, the
score was >4.0. The data quality of the FSS was excellent, with 99.6% of computable
scale scores. Floor and ceiling effects were minimal. The FSS showed high internal
consistency (Cronbach’s alpha, 0.95). Unidimensionality was supported based on con-
firmatory factor analysis with the comparative fit index being 0.94. The FSS showed
moderate/high correlations with the perceived burden of the disease, quality of life
and disease severity, whereas, age or gender did not have a significant effect on the
FSS score.

Conclusions: The Finnish version of the FSS showed satisfactory reliability and validity

and thus can be regarded as a feasible measure of self-reported fatigue.
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lack of energy that affects a patient’s participation in the activities of

daily living and work. Fatigue is observed at all stages of disability and

Fatigue is considered to be one of the most common and disabling
symptoms of multiple sclerosis (MS), affecting about 80% of patients
(Minden et al., 2006; Weiland et al., 2015). However, there is, no uni-
versally accepted definition for fatigue. MS-related fatigue has been

reported to manifest itself as an overwhelming sense of tiredness and

clinical forms of the disease (Induruwa, Constantinescu, & Gran, 2012).
The causes of fatigue in MS are multifactorial and not well understood.
Fatigue has been associated with dysfunction in the central nervous sys-
tem and in immune- and neuroendocrine regulation. Pro-inflammatory

cytokines, over activity of neural circuits, defects in pre-frontal basal
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ganglia circuitry, and axonal injury have been suggested as possible
mechanisms (Induruwa et al., 2012). Depressive symptoms, impaired
sleep, heat sensitivity, physical deconditioning, and medications have
also been related to fatigue in MS (Induruwa et al., 2012).

Fatigue assessment typically relies on subjective self-report question-
naires. Fatigue has been reported as a more frequent symptom in patients
with higher disability (Amtmann et al., 2012; Armutlu et al., 2007; Mills &
Young, 2010; Valko, Bassetti, Bloch, Held, & Baumann, 2008), in associ-
ation with unemployment (Johansson, Ytterberg, Hillert, Widen, & von
Koch, 2008; Mills & Young, 2010) as well as in progressive phenotypes of
the disease (Mills & Young, 2010). Conversely, no significant association
with demographic factors, such as age (Mills & Young, 2010; Valko et al.,
2008) or gender (Valko et al., 2008) has been reported. A frequently used
inventory for the evaluation of fatigue is the Fatigue Severity Scale (FSS)
developed by Krupp et al. for the use in patients with systemic lupus ery-
thematosus and MS (Krupp, LaRocca, Muir-Nash, & Steinberg, 1989). The
FSS, a nine-item questionnaire, primarily focuses on the motor aspects of
fatigue, the main emphasis being the assessment of the severity of fatigue
symptom and its impact on an individual’s daily functioning. Each item of
the questionnaire is scored on a seven-point Likert scale ranging from 1
(“completely disagree”) to 7 (“completely agree”; Table 1). The mean score
of the nine items is used as the FSS score. Originally, the cut-off score
for fatigue was set to be 24 (Krupp et al., 1995), because fewer than 5%
of healthy controls rated their fatigue above this level while 60%-90% of
patients with medical disorders experienced fatigue at or above this level
(Krupp etal.,, 1989). Subsequent studies have recommended the same
cut-off score (Armutlu et al., 2007; Valko et al., 2008). The categorization
into non-fatigue (FSS <4.0), borderline fatigue (4.0 < FSS < 5.0) and fatigue
(FSS 25.0) has also been suggested (Johansson, Ytterberg, Back, Holmqyvist,
& von Koch, 2008; Ottonello, Pellicciari, Giordano, & Foti, 2016).

Validation studies have been conducted with the English (Amtmann
et al., 2012; Krupp et al., 1989), Arabic (Al-Sobayel et al., 2016), Turkish
(Armutlu et al., 2007), Swiss (Valko et al., 2008), Norwegian (Lerdal,
Wahl, Rustoen, Hanestad, & Moum, 2005), German (Rietberg, van
Wegen, & Kwakkel, 2010), Greek (Bakalidou, Skordilis, Giannopoulos,
Stamboulis, & Voumvourakis, 2013), Italian (Ottonello et al., 2016),
Portuguese (Laranjeira, 2012), and Persian (Fereshtehnejad et al., 2013)

Exercise brings on my fatigue./Liikunta uuvuttaa minua.

| am easily fatigued./Uuvun helposti.

o kA b=

fyysisen toiminnan.

My motivation is lower when | am fatigued./Olen haluttomampi mihinkaan, kun olen uupunut.

versions of the FSS. The assessments of the psychometric properties
based on the classical test theory have shown moderate/high correla-
tions between the FSS and other fatigue scales (Amtmann et al., 2012;
Flachenecker et al., 2002; Krupp et al., 1989; Learmonth et al., 2013;
Rietberg et al., 2010). Significant correlations between the FSS and
other clinical and health-related parameters, such as disease severity
(Amtmann et al., 2012; Armutlu et al., 2007; Flachenecker et al., 2002;
Valko et al., 2008), depression (Amtmann et al., 2012; Armutlu et al.,
2007; Bakalidou et al., 2013; Flachenecker et al., 2002), pain (Amtmann
et al., 2012), and quality of life (Al-Sobayel et al., 2016; Bakalidou et al.,
2013) have been reported. Divergent validity has been supported by
the differences found between MS patients and healthy controls in the
FSS (Armutlu et al., 2007; Bakalidou et al., 2013; Valko et al., 2008). The
FSS has shown high internal consistency as analysed with Cronbach’s
alpha (Al-Sobayel et al., 2016; Amtmann et al., 2012; Armutlu et al.,
2007; Bakalidou et al., 2013; Lerdal et al., 2005; Ottonello et al., 2016;
Valko et al., 2008) as well as high test-retest reliability (Kleinman et al.,
2000; Krupp et al., 1989; Learmonth et al., 2013; Rietberg et al., 2010).

As the validity and reliability of an assessment are contextual (i.e.,
related to the specific patient group studied) and cultural factors may
affect the evaluation of fatigue, translated versions need to be vali-
dated. No validation studies of the FSS or other commonly used fa-
tigue scales, like the Fatigue Scale for Motor and Cognitive Fatigue
(FSMC) (Penner et al., 2009) or the Modified Fatigue Impact Scale
(MFIS) (Multiple Sclerosis Council for Clinical Practice Guidelines,
1998), among patients with MS have been done for Finnish versions.
The aim of this study was to evaluate the psychometric properties of
the Finnish version of the FSS and to describe the results among pa-
tients with MS. The specific aims were to evaluate the validity and
reliability of the FSS and its dimensional structure.

2 | MATERIALS AND METHODS

2.1 | Patients

This was a retrospective, cross-sectional postal survey. The study pro-

tocol was approved by the ethics committee of the Hospital District of

TABLE 1 FSS: English and Finnish
versions

Fatigue interferes with my physical functioning./Uupumus haittaa fyysisia toimintojani.
Fatigue causes frequent problems to me./Uupumus aiheuttaa usein minulle ongelmia.

My fatigue prevents sustained physical functioning./Uupumus estaa pitempiaikaisen

7. Fatigue interferes with carrying out certain duties and responsibilities./Uupumus haittaa

minua tiettyja tehtévia hoitaessani.

8. Fatigue is among my three most disabling symptoms./Uupumus kuuluu kolmen eniten

toimintakykyani estavan oireen joukkoon.

9. Fatigue interferes with my work, family, or social life./Uupumus haittaa ty6- ja perhe-

elamaani tai ihmissuhteitteni hoitoa.

FSS, Fatigue Severity Scale.
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South-Western Finland and all participants provided written informed
consent. The study population included patients registered with the
Finnish Neuro Society, a national patient association in Finland. The
inclusion criteria comprised diagnosis of MS, age 218 years, a mem-
bership for at least 1 year, a permission to receive mail from the asso-
ciation, ability to complete the survey in the Finnish language, no other
iliness other than MS that could limit their participation, and no recent
enrolment in a clinical trial. Recruitment letters were mailed to a ran-
dom sample of 1,500 patients with MS (drawn by an independent stat-
istician) from a pool of 5,408 patients with MS registered in the Finnish
Neuro Society and fulfilling the eligibility criteria. Overall, 553 patients
completed the questionnaire and were included in the analysis.

2.2 | Outcome measures

Patients were required to complete the survey questionnaire or were
interviewed via telephone using the Finnish questionnaire adapted from
that used in previous, multi-national studies (Karampampa, Gustavsson,
& Miltenburger, 2013). The questionnaire included demographic back-
ground variables (e.g., age, gender, employment status, and early retire-
ment due to MS), disease information (e.g., year of diagnosis, age at
the diagnosis, type of MS, and self-assessment of disease severity by
Patient Assessment of Expanded Disability Status Scale (EDSS) Levels
(a method widely used in cost-of-iliness studies in MS (Kobelt, Berg,
Lindgren, & Jonsson, 2006)). The self-perceived feelings of fatigue
were evaluated with the FSS (Krupp et al., 1989). The study population
and methods have been described previously, (Ruutiainen, Viita, Hahl,
Sundell, & Nissinen, 2016). The perceived quality of life was evaluated
using the generic EuroQol 5D-3L instrument (EQ-5D) including five
domains of well being (mobility, personal care, usual activities, pain/
discomfort, and anxiety/depression) using a social tariff established
with the general population in UK (EuroQol Group, 1990). The EQ-5D
has been officially translated into Finnish in 1991. The visual analog
scale (VAS) was used to assess patients’ perceived health state on a
scale of O (worst imaging health state) to 100 (best imaginable health
state) (EuroQol Group, 1990). The physical and psychological impacts
of the disease were assessed with the Multiple Sclerosis Impact Scale
(MSIS-29) (Hobart, Lamping, Fitzpatrick, Riazi, & Thompson, 2001). The
MSIS-29 is a 29-item questionnaire structured in two subscales - a 20-
item scale for physical impairment and a nine-item scale for psychologi-
cal impairment. The Finnish version of the MSIS-29 has been found to
have satisfactory psychometric properties (Rosti-Otajarvi, Himalainen,
Wiksten, Hakkarainen, & Ruutiainen, 2017).

An authorized native Finnish speaking translator translated the
questionnaire from US English into Finnish. The Finnish version was
discussed twice with a group of two health professionals with experi-
ence in studying fatigue. Three pilot tests were performed. Two pilot
tests were carried out to assess respondents’ understanding of both the
items and the response categories of the FSS. After pilot testing, FSS
was back-translated by an authorized translator. The back-translation
was discussed by academic staff fluent in English. Dr L Krupp, who
developed the original English version, approved the final back trans-
lation (Surakka, Romberg, Ruutiainen, & Virtanen, 2004; Surakka et al.,
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2004). Before the study started, the entire set of questions was sub-
jected to a pilot test. Twenty individuals with MS who had filled out the
guestions were interviewed. Emphasis was placed on the respondents’
comprehension of each item. None of the individuals who participated
in the pilot tests were part of the study population of this study. The
items of the FSS are presented in English and Finnish in Table 1.

2.3 | Statistical methods

Psychometric properties of the FSS were evaluated using standard
methods (Nunnally & Bernstein, 1994) including:

e Data quality: percentage missing data and percentage computable
scores

e Scaling assumptions: item mean scores, standard deviations (SDs),
skewness, item to total correlations, and inter-item correlations

e Acceptability: score range, mean scores, floor/ceiling effects, and
skewness

e Reliability: Cronbach’s alpha values with 95% confidence intervals,
as well as Cronbach’s alpha value when one item is deleted

o Validity: for evaluating construct validity of the FSS, Spearman cor-
relation coefficients were used to examine the relationship between
the FSS scores and burden of the disease (MSIS total, physical, and
psychological scores), quality of life (EQ-5D utility and VAS), as well
as disease severity (Patient Assessment of EDSS Levels). Known-
group validity was determined by examining the FSS scores for sub-
groups of patients. Based on the previous literature, we predicted
that (i) patients retired due to their MS would have scores higher
than those still employed; (i) patients with greater disease severity
would have scores higher than those with milder disease severity;
(iii) patients with progressive disease phenotype (secondary pro-
gressive or primary progressive) would have scores higher than
those with relapsing-remitting form of the disease; and instead (iv)
patients of different age and gender would have similar scores. For
comparisons between the two groups (gender, employment status),
Student’s t tests were used. In comparisons among three or more
groups (disease phenotype, disease severity, and age groups), the
analyses of variance (ANOVA) were used. The Tukey honest signif-
icance difference test was used for post hoc pairwise comparisons
following ANOVAs.

e Unidimensionality: A confirmatory factor analysis (CFA) was used to
evaluate the dimensional structure of the FSS. The comparative fit
index (CFI) was calculated to evaluate the fit of the FSS in a unidi-

mensional model.

3 | RESULTS

3.1 | Demographic and clinical characteristics of the
sample

The study sample (n = 553) was representative of all ages, MS phe-
notypes and levels of disability. Sample demographics and disease
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TABLE 2 Sample demographics and disease characteristics
(n=553)

Gender, n (%)

Female 435 (78.7)
Age, years

Mean (SD) 53.8(11.4)

Range 21-88
Current employment situation, n (%)

Employed or self-employed 195 (35.3)

Student 2(0.4)

Unemployed 23 (4.2)

On disability pension (any reason) 223 (40.3)

On retirement pension 110 (19.9)
Diagnosis

Age at diagnosis, mean (SD) 37.4(10.1)

Years since diagnosis, mean (SD) 16.4 (9.3)
Disease phenotype, n (%)

Relapsing-remitting 244 (44.1)

Primary progressive 94 (17.0)

Secondary progressive 160 (28.9)

Unknown 55 (10.0)
Disease severity

EDDS score, mean (SD) 4.0(2.5)

EDDS, Patient Assessment of Expanded Disability Status Scale Levels; SD,
standard deviation.

characteristics are summarized in Table 2. The mean (SD) age was 53.8
(11.4) years. A majority (76.1%) of the patients were within the work-
ing age (<63 years). The mean patient-assessed EDDS score of the
study sample was 4.0 (2.5).

3.2 | Data quality

The percentage of missing data was low (0.4%), and the percentage

computable scale scores were high (99.6%; Table 3).

3.3 | Scaling assumptions

The frequency distribution of item response was relatively symmetri-
cal; item mean scores ranged from 3.9 to 5.2 (SD, 1.8-2.2). Item to
total correlations were acceptable (range, 0.626-0.875; Table 3).
Additionally, all inter-item correlations were strong (range, 0.424-
1.00; Table 4).

3.4 | Acceptability

Scale scores spanned the entire scale range and were not notably
skewed; mean (SD) score of 4.5 (1.7) was relatively near the scale mid-
point, and floor and ceiling effects were negligible (2.5% and 3.5%,
respectively; Table 3). In the total sample, 360 (65%), 307 (56%), and

TABLE 3 Data quality, scaling assumptions, acceptability, and
reliability of the FSS

Psychometric property FSS total
Data quality (n = 553)
Subjects with missing items, n (%) 2(0.4)
Number of missing items, n (%) 2 (<0.01)
Computable scale scores, n (%) 551 (99.6)
Scaling assumptions (n = 551)
Item mean score, range 3.9-5.2
Item SD, range 1.8-2.2
Item skewness: range -0.940-0.020
Item to total correlation, range 0.626-0.875
Item 1 0.626
Item 2 0.707
Item 3 0.846
Item 4 0.875
Item 5 0.854
Item 6 0.837
Iltem 7 0.866
Item 8 0.771
Item 9 0.795
Acceptability
Possible score range 1-7
Observed score range 1-7
Score, mean (SD) 4.5 (1.7)
Floor, n (%) 14 (2.5)
Ceiling, n (%) 19 (3.5)
Skewness -0.5

Reliability

Cronbach’s alpha (95% Cl)
0.949 (0.942-0.955)
0.939-0.951

Entire sample

Cronbach’s alpha when one item
deleted: range

Cronbach’s alpha (95% Cl)

Age groups
<40 years 0.950 (0.930-0.966)
40-49 years 0.941 (0.924-0.956)
50-59 years 0.951 (0.939-0.961)
60-69 years 0.959 (0.947-0.969)
270 0.942 (0.912-0.964)

Gender groups

Female 0.950 (0.942-0.957)

Male 0.946 (0.930-0.960)
EDDS groups

0-3 0.952 (0.943-0.961)

4-6.5 0.935 (0.922-0.947)

7-9 0.957 (0.942-0.970)

(Continues)
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TABLE 3 (Continued)

Psychometric property FSS total

Disease phenotype groups
0.944 (0.932-0.954)

0.940 (0.925-0.953)

Relapsing-remitting (95% Cl) (
(
(
(

Secondary progressive (95% Cl)
0.957 (0.943-0.969)
0.954 (0.934-0.971)

Primary progressive (95% Cl)
Unknown disease phenotype (95% Cl)

Cl, confidence interval; FSS, Fatigue Severity Scale; SD, standard deviation.

265 (48%) patients were classified as fatigued when using a mean FSS

cut-off score of 24.0, 24.5, 5.0, respectively.

3.5 | Reliability

Cronbach alpha reliability coefficient for the entire sample was 0.949
showing high degrees of internal consistency of the FSS. When delet-
ing one item of the FSS, the Cronbach alpha values did not change
markedly (range, 0.939-0.951; Table 3).

3.6 | Validity

The correlations between the FSS and other outcomes are provided
in Table 5. The construct validity of the FSS was confirmed by mod-
erate/high Spearman’s rank coefficient correlations between the FSS
and burden of the disease (MSIS-29), quality of life (EQ-5D and VAS),
and disease severity (EDDS). Higher fatigue scores were associated
with a greater perceived burden of the disease, lower quality of life,
and higher disease severity.

Known-group validity was also supported (Table 6). As predicted,
mean fatigue scores for patients who were retired due to their MS
were significantly higher than that for patients who were employed,
when limiting the comparison to age groups <63 years. Additionally,
mean fatigue scores for patients with greater disease severity were
higher than that for patients with milder disease severity. Similarly,
mean fatigue score for patients with progressive disease phenotype
(secondary or primary progressive) was higher than that for patients
with relapsing-remitting form of the disease. In contrast, mean fatigue

scores did not differ according to age groups or gender.
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3.7 | Dimensionality

The CFA results supported the unidimensionality of the FSS. The CFI
for the FSS was 0.938 (2 = 309.0331, df = 27).

4 | DISCUSSION

This study examined the psychometric properties of the FSS in a large
sample of Finnish patients with MS. Consistent with the findings from
other language versions of the FSS (Al-Sobayel et al., 2016; Amtmann
et al., 2012; Armutlu et al., 2007; Bakalidou et al., 2013; Krupp et al.,
1989; Learmonth et al., 2013; Lerdal, Johansson, Kottorp, & von Koch,
2010; Valko et al., 2008), the present study demonstrated satisfactory
psychometric properties for the Finnish version according to classical
test theory.

The data quality of the FSS was excellent, with 99.6% of comput-
able scale scores. The mean (SD) FSS score in this study (4.5 [1.7]) was
in line with English (4.8 [1.3] (Krupp et al., 1989); 5.1 [1.5] (Amtmann
etal., 2012)), Greek (4.4 [1.8] (Bakalidou et al., 2013)), Turkish (4.8 [1.5]
(Armutlu et al., 2007)), and Swiss (4.7 [1.6] (Valko et al., 2008)) versions,
showing that the influences of language and cultural background might
not be significant in the FSS among patients with MS. In the total sam-
ple, 360 (65%) patients were classified as fatigued when using a score of
>4.0 as a criterion for self-perceived fatigue. When using more stringent
scores (24.5) 56% and (25.0) 48% of the patients in the present sample
were evaluated as fatigued. Using a score of 24.0 as a criterion for possi-
ble fatigue is supported by the overall frequency estimates (80%) (Minden
et al., 2006; Weiland et al., 2015). Typically floor and ceiling effects are
considered problematic when more than 15% of the sample has either
the lowest or the highest possible score (Terwee et al., 2007). In our study
sample, the FSS did not show ceiling (3.5%) or floor (2.5%) effects of this
magnitude supporting previous findings (Amtmann et al., 2012).

The reliability analyses included estimation of item to total correla-
tions and internal consistency. High item to total correlations (r, range
0.626-0.875) provide evidence of item homogeneity for the FSS. In the
present MS sample, the Finnish version of the FSS showed an excellent
Cronbach’s alpha of 0.95. Cronbach’s alpha values did not differ signifi-
cantly when one item of the FSS (range, 0.939-0.961) was deleted in

TABLE 4 Inter-item correlations for the
FSS FSS 1 FSS 2 FSS 3 FSS 4 FSS 5 FSS 6 FSS7 FSS 8 FSS 9
FSS 1 1.00
FSS 2 0.424 1.00
FSS 3 0.539 0.732 1.00
FSS 4 0.596 0.685 0.809 1.00
FSS 5 0.534 0.641 0.782 0.818 1.00
FSS 6 0.520 0.688 0.747 0.782 0.777 1.00
FSS7 0.564 0.644 0.757 0.806 0.769 0.802 1.00
FSS 8 0.570 0.523 0.652 0.670 0.662 0.650 0.707 1.00
FSS 9 0.577 0.503 0.666 0.694 0.739 0.656 0.738 0.788 1.00

FSS, Fatigue Severity Scale.
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TABLE 5 Spearman correlations to assess construct validity of
the FSS (n = 553)

Construct FSS

Burden of the disease (MSIS-29 total score) 0.688
Physical burden of the disease (MSIS-29 physical) 0.609
Psychological burden of the disease (MSIS-29 psychological) 0.636
Quality of life (EQ-5D utility) -0.480
Quality of life (VAS) -0.508
Severity of the disease (EDDS) 0.335

EDDS, Patient Assessment of Expanded Disability Status Scale Levels; EQ-
5D, EuroQol 5D-3L instrument; FSS, Fatigue Severity Scale; MSIS-29,
Multiple Sclerosis Impact Scale; VAS, visual analog scale.

a stepwise manner. Our results are in line with the previously reported
high Cronbach’s alpha values for the FSS among patients with MS,
which have varied from 0.84 to 0.95 (Al-Sobayel et al., 2016; Amtmann
etal.,, 2012; Armutlu et al., 2007; Bakalidou et al., 2013; Ottonello
et al., 2016; Valko et al., 2008). The optimal Cronbach’s alpha range
has been reported to be between 0.7 and 0.9 for internal consistency
or item homogeneity, while values over 0.9 have been suggested to
show item redundancy (Boyle, 1991). Our results together with previ-
ous findings suggest some redundancy in item content in the FSS and
therefore a possibility to shorten the scale without a significant loss
of precision. Item numbers 1 and 2 have previously shown relatively
low inter-item correlations (Lerdal et al., 2005) and reliability (Bakalidou
et al., 2013). Subsequently, based on Rasch models, it has been sug-
gested that by eliminating item number 1 (Ottonello et al., 2016), or
item numbers 1 and 2 (Lerdal et al., 2010), better psychometric proper-
ties than those in the original nine-item version may be obtained. Based
on the Rasch analyses, even a shorter five-item version (by eliminating
item numbers 1, 2, 6, and 8) that satisfies strict tests of unidimensional-
ity has been recommended (Mills, Young, Nicholas, Pallant, & Tennant,
2009). These shortened versions have however been found to show
relatively high ceiling effects (Mills et al., 2009; Ottonello et al., 2016).
Additionally, the five-item version was found to be less sensitive to de-
tect differences between groups and change over time (Lerdal et al.,
2010). We found that inter-item correlations and item to total correla-
tions were the lowest for the item numbers 1 and 2 (item to total r,
0.626 and 0.707, respectively). However, these correlations were also
considerably higher than the 0.40 threshold value that is commonly in-
terpreted as an evidence of scale reliability (Everitt, 2002). Additionally,
in CFA, the FSS showed a CFl of 0.94. A CFl of 20.90 has been sug-
gested as a criterion for acceptable fit of the scale in a unidimensional
model (Hu & Bentler, 1999). Previously reported CFls for the FSS were
0.97 (Amtmann et al., 2012) and 0.99 (Bakalidou et al., 2013). These
findings are well above the recommended threshold and support uni-
dimensionality of the FSS. Moreover, in other studies using CFA the
unidimensionality of the FSS has been supported (Al-Sobayel et al.,
2016; Bakalidou et al., 2013). Taken together, our results show, that the
Finnish version of the FSS can be used as an original nine-item version.

Correlations with other health-related measures and variables pro-
vided the evidence for the construct validity of the FSS. The direction,

TABLE 6 FSS group differences

FSS total, mean

Variable (SD)
Age, years
<40 (n=70) 4.1(1.8)
40-49 (n = 123) 4.5(1.7)
50-59 (n = 184) 4.4(1.7)
60-69 (n = 130) 4.7 (1.8)
>70 (n = 44) 4.3(1.7)
Mean difference (F test p-value) 216
Gender
Female (n = 433) 4.5(1.7)
Male (n = 118) 4.4(1.7)
Mean difference (t test p-value) 790
Employment status (All subjects)
Employed or self-employed? (n = 194) 3.9(1.7)
Student? (n = 2) 3.4(1.3)
Unemployed?® (n = 23) 4.6(1.8)
On disability pension4 (n=222) 4.9 (1.6)
On retirement pension® (n = 110) 4.5(1.8)
Mean difference (F test p-value) <.0001%*45

Employment status (subjects aged <63 years, n = 419)

Disability pension due to MS (subjects aged 4.9 (1.6)
<63 years; n = 198)

All other subjects aged <63 years (n = 221) 4.0(1.7)

Mean difference (t test p-value) <.0001
EDDS

0-3" (n=243) 3.9(1.7)

4-6.5% (n = 227) 5.0(1.5)

7-9%(n = 81) 4.6(1.9)

Mean difference (F test p-value) <.00011*28
Disease phenotype

Relapsing-remitting? (n = 243) 4.1(1.7)

Secondary progressive2 (n =160) 5.0 (1.5)

Primary progressive3 (n=94) 4.9 (1.7)

Unknown (n = 54)* 3.8(2.0)

Mean difference (F test p-value) <0001 1728 224: 324

EDDS, Patient Assessment of Expanded Disability Status Scale Levels; FSS,
Fatigue Severity Scale; MS, multiple sclerosis; SD, standard deviation.
Superscript numbers refers to subgroups and differences between them.

magnitude, and pattern of correlations were consistent with predic-
tions. Moderate/high correlations were found between the FSS score
and perceived burden of the disease, quality of life, and disease se-
verity. In previous studies the FSS has shown significant correlations
with physical MS symptoms (Learmonth et al., 2013), disease severity
(Armutlu et al., 2007; Flachenecker et al., 2002; Valko et al., 2008),
depression (Armutlu et al., 2007; Bakalidou et al., 2013; Flachenecker
et al., 2002), pain (Amtmann et al., 2012), and quality of life (Al-Sobayel
et al., 2016; Bakalidou et al., 2013). The results also confirmed the
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hypothesized group differences based on previous findings concern-
ing employment status (Johansson et al., 2008; Mills & Young, 2010),
disability (Amtmann et al., 2012; Armutlu et al., 2007; Mills & Young,
2010; Valko et al., 2008), disease phenotype (Mills & Young, 2010), as
well as the demographic factors, age and gender (Valko et al., 2008).
Progressive disease (higher disability and progressive phenotype) as
well as retirement due to MS were found to be associated with higher
levels of fatigue as evaluated by the FSS. In contrast, age or gender did
not have an effect on the FSS scores.

The limitations of this study should be considered. The response
rate was relatively low (37%) (Ruutiainen et al., 2016). Thus, it is possible
that the sample is not representative. The responders can be argued to
have more severe fatigue than the non-responders which may increase
the risk for “selection bias.” As described previously (Ruutiainen et al.,
2016), the demographic and disease related characteristics of the study
population represent well the general MS population. Additionally, the
evaluations, including the severity and the phenotype of the disease,
were based on patients’ self-reports. Although this method is widely
used in cost-of-illness studies in MS (Kobelt et al., 2006), we cannot
rule out the possibility that some of the evaluations might have been
different if based on clinician’s evaluation. Possible “selection bias” and
“information bias” may affect the generalisability of the findings of this
study. Further, since depressive patients were not excluded from the
study sample and depression was not evaluated, we cannot rule out
the effects of depressive symptoms on the FSS scores observed in this
study. Cross-sectional data did not allow evaluation of the respon-
siveness of the FSS for change, an important aspect of psychometric
functioning. The evaluation of test-retest reliability or comparison of
the FSS to other fatigue scales or between MS patients and healthy
controls was not possible. Traditional methods comparable with pre-
vious studies were adopted to establish reliability and validity in this
study. Strengths of the study include good data quality at least partly
explained by the possibility to fill in the questionnaires via telephone
interview.

In conclusion, this study supported the validity and reliability of
the Finnish version of the FSS in patients with MS. The scale appears
psychometrically feasible to assess perceived fatigue among Finnish
patients with MS.

ACKNOWLEDGMENTS

We thank our patients who kindly agreed to participate in this study.
We gratefully acknowledge the study sponsors Novartis Finland Oy
and the Finnish Neuro Society.

CONFLICT OF INTEREST

None related to this specific study.

REFERENCES

Al-Sobayel, H. I, Al-Hugail, H. A,, AlSaif, R. M., Albawardi, N. M., Alnahdi, A.
H., Daif, A. M., & Al-Arfaj, H. F. (2016). Validation of an Arabic version of
Fatigue Severity Scale. Saudi Medical Journal, 37, 73-78.

Brai . 7 of 8
rain and Behavior —WI LEYJ—

Open Access,

Amtmann, D., Bamer, A. M., Noonan, V., Lang, N., Kim, J., & Cook, K. F.
(2012). Comparison of the psychometric properties of two fatigue
scales in multiple sclerosis. Rehabilitation Psychology, 57, 159-166.

Armutlu, K., Korkmaz, N. C., Keser, |., Sumbuloglu, V., Akbiyik, D. I., Guney,
Z., & Karabudak, R. (2007). The validity and reliability of the Fatigue
Severity Scale in Turkish multiple sclerosis patients. International
Journal of Rehabilitation Research, 30, 81-85.

Bakalidou, D., Skordilis, E. K., Giannopoulos, S., Stamboulis, E., &
Voumvourakis, K. (2013). Validity and reliability of the FSS in Greek MS
patients. SpringerPlus, 2, 304.

Boyle, G. J. (1991). Does item homogeneity indicate internal consistency
or item redundancy in psychometric scales? Personality and Individual
Differences, 12, 291-294.

EuroQol Group (1990). EuroQol - a new facility for the measurement of
health-related quality of life. Health Policy, 16, 199-208.

Everitt, B. S. (2002). The Cambridge dictionary of statistics, 2nd ed.
Cambridge, UK: Cambridge University Press.

Fereshtehnejad, S., Hadizadeh, H., Farhadi, F., Ali Shahidi, G., Delbari,
A., & Lokk, J. (2013). Reliability and validity of the Persian version of
the Fatigue Severity Scale in idiopathic Parkinson’s disease patients.
Parkinson’s Disease, 93542, 9.

Flachenecker, P., Kumpfel, T., Kallman, B., Gottschalk, M., Grauer, O.,
Rieckmann, P, ... Toyka, K. V. (2002). Fatigue in multiple sclerosis: A
comparison of different rating scales and correlation to clinical param-
eters. Multiple Sclerosis, 8, 523-526.

Hobart, J., Lamping, D., Fitzpatrick, R., Riazi, A., & Thompson, A. (2001).
The Multiple Sclerosis Impact Scale (MSIS-29). A new patient-based
outcome measure. Brain, 124, 962-973.

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covari-
ance structure analysis: Conventional criteria versus new alternatives.
Structural Equation Modeling: A Multidisciplinary Journal, 6, 1-55.

Induruwa, I., Constantinescu, C. S., & Gran, B. (2012). Fatigue in multiple
sclerosis - a brief review. Journal of the Neurological Sciences, 323, 9-15.

Johansson, S., Ytterberg, C., Back, B., Holmqvist, L. W., & von Koch, L.
(2008). The Swedish occupational fatigue inventory in people with mul-
tiple sclerosis. Journal of Rehabilitation Medicine, 40, 737-743.

Johansson, S., Ytterberg, C., Hillert, J., Widen, H. L., & von Koch, L. A. (2008).
A longitudinal study of variations in and predictors of fatigue in multiple
sclerosis. Journal of Neurology, Neurosurgery & Psychiatry, 79, 454-457.

Karampampa, K., Gustavsson, A., & Miltenburger, C. (2013). Treatment
experience, burden and unmet needs (TRIBUNE) in multiple sclerosis:
Results from five European countries. Multiple Sclerosis, 18, 7-15.

Kleinman, L., Zodet, M., Hakim, Z., Aledort, J., Barker, C., & Chan, K. (2000).
Psychometric evaluation of the fatigue severity scale for use in chronic
hepatitis C. Quality of Life Research, 9, 499-508.

Kobelt, G., Berg, J., Lindgren, P., & Jénsson, B. (2006). Costs and quality of
life in multiple sclerosis in Europe: Method of assessment and analysis.
The European Journal of Health Economics, 7, 5-13.

Krupp, L. B., Coyle, P. K., Doscher, C., Miller, A., Cross, A. H., Jandorf, L., ...
Grimson, R. (1995). Fatigue therapy in multiple sclerosis: Results of a
double-blind, randomized, parallel trial of amantadine, pemoline, and
placebo. Neurology, 45, 1956-1961.

Krupp, L. B., LaRocca, N. G., Muir-Nash, J., & Steinberg, A. D. (1989). The fa-
tigue severity scale. Application to patients with multiple sclerosis and
systemic lupus erythematosus. Archives of Neurology, 46, 1121-1123.

Laranjeira, C. A. (2012). Translation and adaptation of the fatigue sever-
ity scale for use in Portugal. Applied Nursing Research, 25, 212-217.

Learmonth, Y. C., Dlugonski, D., Pilutti, L. A., Sandroff, B. M., Klaren, R.,
& Motl, R. W. (2013). Psychometric properties of the Fatigue Severity
Scale and the Modified Fatigue Impact Scale. Journal of the Neurological
Sciences, 331, 102-107.

Lerdal, A., Johansson, S., Kottorp, A., & von Koch, L. (2010). Psychometric
properties of the Fatigue Severity Scale: Rasch analyses of responses
in a Norwegian and a Swedish MS cohort. Multiple Sclerosis, 16,
733-741.



ROSTI-OTAJARVI T AL.

ﬂWl LEY_Brain and Behavior

Open Access,

Lerdal, A., Wahl, A. K., Rustoen, T., Hanestad, B. R., & Moum, T. (2005).
Fatigue in the general population: A translation and test of the psy-
chometric properties of the Norwegian version of the fatigue severity
scale. Scandinavian Journal of Public Health, 33, 123-130.

Mills, R. J., & Young, C. A. (2010). The relationship between fatigue and
other clinical features of multiple sclerosis. Multiple Sclerosis Journal, 17,
604-612.

Mills, R. J., Young, C. A, Nicholas, R. S., Pallant, J. F., & Tennant, A. (2009).
Rasch analysis of the Fatigue Severity Scale in multiple sclerosis.
Multiple Sclerosis, 15, 81-87.

Minden, S. L., Frankel, D., Hadden, L., Perloff, J., Srinath, K. P., & Hoaglin, D. C.
(2006). The Sonya Slifka Longitudinal Multiple Sclerosis Study: Methods
and sample characteristics. Multiple Sclerosis, 12, 24-38.

Multiple Sclerosis Council for Clinical Practice Guidelines (1998). Fatigue
and multiple sclerosis: Evidence-based management strategies for fatigue
in multiple sclerosis. Washington, DC: Paralyzed Veterand of America.

Nunnally, J. C., & Bernstein, I. H. (1994). Psychometric theory, 3rd ed. New
York: McGraw-Hill.

Ottonello, M., Pellicciari, L., Giordano, A., & Foti, C. (2016). Rasch analysis
of the fatigue severity scale in italian subjects with multiple sclerosis.
Journal of Rehabilitation Medicine, 48, 597-603.

Penner, I. K., Raselli, C., Stocklin, M., Opwis, K., Kappos, L., & Calabrese, P.
(2009). The Fatigue Scale for Motor and Cognitive Functions (FSMC):
Validation of a new instrument to assess multiple sclerosis-related fa-
tigue. Multiple Sclerosis, 15, 1509-1517.

Rietberg, M. B., van Wegen, E. E. H., & Kwakkel, G. (2010). Measuring fa-
tigue in patients with multiple sclerosis: Reproducibility, responsive-
ness and concurrent validity of three Dutch self-report questionnaires.
Disability and Rehabilitation, 32, 1870-1876.

Rosti-Otajarvi, E., Hamaldinen, P., Wiksten, A. Hakkarainen, T., &
Ruutiainen, J. (2017). Validity and reliability of the Finnish version of
the Multiple Sclerosis Imapct Scale-29. Brain and Behavior, e00725.
https://doi.org/10.1002/brb3.725

Ruutiainen, J., Viita, A., Hahl, J., Sundell, J., & Nissinen, H. (2016). Burden
of illness in multiple sclerosis (DEFENSE) study: The costs and qual-
ity of life of Finnish patients with multiple sclerosis. Journal of Medical
Economics, 19, 21-33.

Surakka, J., Romberg, A., Ruutiainen, J., & Virtanen, A. (2004). Assessment
of muscle strength and motor fatique with a knee dynamometer in sub-
jects with multiple sclerosis: A new fatique index. Clinical Rehabilitation,
18, 652-659.

Surakka, J., Romberg, A., Ruutiainen, J., Aunola, S., Virtanen, A., Karppi, S.
L., & Maentaka, K. (2004). Effects of aerobic and strength exercise on
motor fatigue in men and women with multiple sclerosis: A randomized
controlled trial. Clinical Rehabilitation, 18, 737-746.

Terwee, C. B., Bot, S. D., de Boer, M. R., van der Windt, D. A., Knol, D.
L., Dekker, J., & de Vet, H. C. (2007). Quality criteria were proposed
for measurement properties of health status questionnaires. Journal of
Clinical Epidemiology, 60, 34-42.

Valko, P. O., Bassetti, C. L., Bloch, K. E., Held, U., & Baumann, C. R. (2008).
Validation of the Fatigue Severity Scale in a Swiss Cohort. Sleep, 31,
1601-1607.

Weiland, T. J., Jelinek, G. A., Marck, C. H., Hadgkiss, E. J., van der Meer, D. M.,
Pereira, N. G., & Taylor, K. L. (2015). Clinically significant fatigue:Prevalence
and associated factors in an international sample of adults with multiple
sclerosis recruited via the internet. PLoS ONE, 18.

How to cite this article: Rosti-Otajarvi E, Hamaldinen P,
Wiksten A, Hakkarainen T, Ruutiainen J. Validity and
reliability of the Fatigue Severity Scale in Finnish
multiple sclerosis patients. Brain Behav. 2017;7:e00743.
https://doi.org/10.1002/brb3.743



https://doi.org/10.1002/brb3.725
https://doi.org/10.1002/brb3.743

