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Study objectives: To clinically validate the Flinders Fatigue Scale (FFS) as a brief measure of daytime fa-
tigue, and to derive cut-off scores to classify fatigue severity.
Method: The FFS was administered to 439 adult volunteers from the general population, 292 adults with
insomnia, 132 adults with Obstructive Sleep Apnoea (OSA) and 66 adults with Chronic Fatigue Syndrome/
Myalgic Encephalomyelitis (CFS/ME), together with the Fatigue Severity Scale (FSS) and the Epworth
Sleepiness Scale (ESS).
Results: A factor analysis revealed a single factor solution for the seven-item scale (67% of total variance),
although a better fit was obtained for a modified six-item version (75% of total variance). Group FFS
scores varied in accordance with theorised fatigue levels, with CFS/ME and insomnia samples reporting
significantly higher fatigue than OSA and volunteer samples. Good convergent validity was established
with the FSS for volunteer (r = 0.67) and CFS/ME samples (r = 0.61). Excellent discriminant validity with
the ESS was observed for the insomnia (r = —0.08) and CFS/ME groups (r = 0.03), while a small-to-
moderate correlation was found within the volunteer sample (r = 0.29). Cut-off scores were identified
to categorise borderline (13—15), moderate (16—20) and severe (>21) fatigue.
Conclusions: The FFS is a reliable and valid instrument to quantify subjective daytime fatigue. Sensitivity
and specificity analyses indicate scores that best discriminate insomniacs and CFS/ME populations from a
non-clinical population. However, it is proposed that the data can also be used to indicate the severity of
fatigue by reference to these first two groups.

© 2016 Published by Elsevier B.V.

1. Introduction

effects on patients’ quality of life [6], it is important that daytime
symptoms be measured and considered when making clinical and

Insomnia is a frequent health complaint brought to the attention
of both primary care physicians and sleep specialists, with rates
estimated at 5—10% of the population [1]. Insomnia is characterised
by difficulties initiating or maintaining sleep, together with day-
time impairments such as fatigue, irritability, poor attention/con-
centration and social or vocational dysfunction [2,3]. Research has
suggested that these daytime impairments significantly reduce
quality of life for those affected [4]. Indeed, it is argued that it is
daytime impairments, rather than nocturnal sleep disturbances,
that prompt treatment seeking for insomnia [5]. Given the central
role of daytime dysfunction in insomnia, and the detrimental

* Corresponding author. School of Psychology, Flinders University, GPO Box 2100,
Adelaide, 5001, South Australia, Australia. Fax: +61 085 8201 3877.
E-mail address: michael.gradisar@flinders.edu.au (M. Gradisar).

http://dx.doi.org/10.1016/j.sleep.2016.11.016
1389-9457/© 2016 Published by Elsevier B.V.

research-based judgments regarding insomnia diagnosis, severity
and treatment efficacy [7].

Daytime fatigue is the most frequently reported daytime symp-
tom of insomnia [8] and, therefore, is important to measure.
Insomnia is typically assessed using a combination of self-report
measures (eg, Insomnia Severity Index) [9], structured and semi-
structured interviews [10], sleep diaries [11], and optional poly-
somnography [12]. Whilst these measures may gauge the presence
or absence of daytime fatigue, commonly used measures do not
quantify daytime fatigue severity. In response, the Flinders Fatigue
Scale (FFS) was developed [13]. The authors of the FFS argued that
extant fatigue scales, such as the Fatigue Severity Scale (FSS) [14] and
the Multidimensional Fatigue Inventory (MFI) [15], may not be
appropriate for individuals with insomnia, as they were designed for
use with non-sleep disordered populations, including individuals
with cancer, multiple sclerosis or systemic lupus erythematosus.
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Further, the authors posited that the construct of fatigue was poorly
defined by these scales. This is particularly important given frequent
lay confusion surrounding the meaning of the word ‘fatigue’ [ 16—18].
Fatigue is often used interchangeably with terms such as “tired” and
“sleepy,” however the terms are conceptually and clinically distinct.
The Flinders Fatigue Scale addresses this by providing a definition of
fatigue (including what it is not) at the beginning of the measure, thus
increasing clinical validity for diagnosis and treatment [7].

Preliminary investigation into the Flinders Fatigue Scale has
returned promising results, with high internal consistency in
normative and insomnia samples (Cronbach's alpha = 0.86—0.91)
[13], discriminant validity with the Epworth Sleepiness Scale [19],
and sensitivity to treatment effects within an insomnia population.
Other measures of daytime fatigue (the FSS and the MFI) have
demonstrated limited success in attaining sensitivity to treatment
when used with insomnia populations [24,25].

An important facet yet to be investigated is whether the Flinders
Fatigue Scale discriminates between good sleepers and clinical
sleep-disordered samples. A more convincing demonstration that
the FFS is validly measuring the construct of fatigue is to show that
the FFS can discriminate between different populations who have
distinct profiles of fatigue and sleepiness. The present study
therefore includes community volunteers, insomnia, Obstructive
Sleep Apnoea (OSA) and Chronic Fatigue Syndrome/Myalgic En-
cephalitis samples, as they have distinct daytime fatigue/daytime
sleepiness profiles. For example, the volunteer sample is predicted
to demonstrate neither elevated nor reduced levels of daytime fa-
tigue or daytime sleepiness. Hence this population was of interest
as both a comparative group and to aid in the development of
normative data. Individuals with insomnia frequently report high
levels of daytime fatigue, but not necessarily sleepiness [20—22].
Individuals with OSA provide an interesting and valuable compar-
ison group as the hallmark daytime symptom of OSA syndrome is
excessive daytime sleepiness [23,24]|. However, while OSA patients
experience elevated levels of fatigue compared to healthy controls
[23], it is lower than that experienced by insomnia patients [25].
Lastly, CFS/ME is characterised by persistent fatigue which is un-
related to exertion and not substantially alleviated by rest [26]. CFS/
ME is accompanied by a range of other symptoms such as impaired
memory/concentration, muscle pain (myalgia), unrefreshing sleep
and post-exertional malaise [26]. Despite high levels of fatigue and
unrefreshing sleep, CFS/ME patients do not consistently present
with elevated levels of daytime sleepiness [27]. Hence the CFS/ME
population is postulated to report elevated levels of fatigue and
only moderate levels of sleepiness. This profile is very similar to
that of the insomnia sample and hence the CFS/ME group was
included to assess whether the FFS was sensitive to the fatigue
experienced by fatigued populations other than insomniacs.

In summary, the primary aim of the present study was to
examine the discriminant validity and the sensitivity of the Flinders
Fatigue Scale by comparing FFS scores across four samples theorised
to differ in fatigue and sleepiness profiles. It is hypothesised that
fatigue will be significantly higher in the insomnia and CFS/ME
samples than the OSA and volunteer samples. It is further hypoth-
esised that the FFS will display convergent validity with another
measure of fatigue (the Fatigue Severity Scale) and divergent val-
idity with the Epworth Sleepiness Scale. A factor analysis of the FFS
will be undertaken, and clinical cut-off scores will be established.

2. Method
2.1. Participants and procedure

Four samples were used for the present study. The community
volunteer and CFS/ME samples were recruited specifically for this

study via advertisements and snowball sampling methods. Partic-
ipants included those over 18 years of age who resided within
Australia. These participants completed online or paper versions of
all measures. Insomnia and Obstructive Sleep Apnoea patients were
recruited from patients attending the Repatriation General Hospital
Sleep Clinic in Adelaide, South Australia for assessment and treat-
ment of suspected insomnia or OSA. Study measures were
administered as part of a pre-treatment questionnaire battery.

All participants completed the Flinders Fatigue Scale, the
Epworth Sleepiness Scale and the Insomnia Severity Index. All
samples, except the insomnia group, completed the Pittsburgh
Sleep Quality Inventory, and only the community volunteers and
CFS/ME samples completed the Fatigue Severity Scale. Note that
only participants with complete Flinders Fatigue Scale scores were
included in the sample descriptions. Data were collected in 2009.

2.1.1. Community volunteers

The volunteer sample consisted of 439 adult volunteers
(M = 39.86 years, SD = 19.42 years). Of those who reported their
gender, there were 98 (33%) males and 199 (67%) females. Of the
362 participants with valid PSQI scores, 54% (n = 195) had a PSQI
total score > 5, indicating poor sleep quality [28]. This sample was
recruited via a snowball sampling method [29].

2.1.2. Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/
ME) sample

There were 66 respondents with CFS/ME (M = 41.92 years,
SD = 14.96 years; 10 (26%) males, 28 (74%) females; 13.8% good
sleepers, 86.2% bad sleepers). Subjects were recruited via adver-
tisements placed at chronic illness support groups or online CFS/
ME support group websites and forums. Subjects were classified as
suffering CFS/ME if they reported they had been formally diagnosed
with either condition by a physician or other medical practitioner.

2.1.3. Insomnia sample

The insomnia sample consisted of 292 untreated adults
(M = 48.84 years, SD = 16.41 years; 99 (34%) males, 193 (66%) fe-
males) who were diagnosed with primary insomnia according to
DSM-IV-TR criteria [2] on the basis of on a clinical interview, self-
report measures (such as the Insomnia Severity Index and the
Daytime Feelings and Functioning Scale) [30], information from a
7-day sleep diary and overnight polysomnography. Daytime
impairment was indicated by a Daytime Feelings and Functioning
Scale score >9 or an Insomnia Severity Index >14.

2.14. Obstructive Sleep Apnea sample

The OSA sample consisted of 132 adults (M = 52.99 years,
SD = 14.64 years; 88 (67%) males, 44 (33%) females) who were
diagnosed with OSA on the basis of overnight polysomnography
demonstrating an Apnea-Hypopnoea Index (AHI) of 15 or greater
and who reported daytime impairment, in accordance with ICSD-2
criteria [31].

Research involving the community volunteer and CFS/ME
samples was approved by the Flinders University Social and
Behavioural Ethics Committee. Approval was provided by the
Flinders University Social and Behavioural Ethics Committee and
the Repatriation General Hospital Ethics Committee for the
research pertaining to the Insomnia and Obstructive Sleep Apnea
samples.

2.2. Measures
2.2.1. Flinders Fatigue Scale (FFS)

The FFS is a seven-item self-report scale which measures various
characteristics of fatigue experienced over the past 2 weeks [13].
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Sample items include “Did fatigue cause you distress?” and “How
severe was the fatigue you experienced?” The 7 items are summed
to provide a total fatigue score ranging from 0 to 31, with higher
scores indicating greater fatigue. The scale is prefaced by an explicit
definition of fatigue “We are interested in the extent that you have
felt fatigued (tired, weary, exhausted) over the last two weeks. We
do not mean feelings of sleepiness (the likelihood of falling
asleep).” Total FFS scores were available for all participants.

2.2.2. Fatigue Severity Scale (FSS)

The FSS [14] is a nine-item self-report scale which is designed to
measure a person's fatigue in a variety of situations (eg, “My
motivation is lower when I am fatigued” “Fatigue causes frequent
problems for me”). Patients rate their level of agreement with the
statements. Total fatigue is the sum of all items with a possible
score range of 9—63. Scores of 36 or more are considered indicative
of elevated levels of fatigue [ 14]. The FSS has been used to measure
fatigue in conditions such as Multiple Sclerosis (MS), Chronic Fa-
tigue Syndrome (CFS) and Systemic Lupus Erythematosus (SLE) and
has demonstrated good internal consistency (o = 0.81 [14], o. = 0.93
[32]). The FSS has also demonstrated concurrent validity with fa-
tigue rated on visual analogue scales and is able to discriminate
between MS or SLE patients and healthy patients [14]. Total FSS
scores were available for 433 participants from the volunteer
sample and 65 CFS/ME patients.

2.2.3. Daytime sleepiness — Epworth Sleepiness Scale (ESS)

The Epworth Sleepiness Scale [17] is a well-established eight-
item self-report measure which assesses daytime sleepiness. The
ESS requires respondents to indicate how likely they would be to
fall asleep or doze in various situations (eg, “sitting and reading”).
ESS scores range from 0 to 24 with higher scores indicating greater
levels of daytime sleepiness. ESS scores higher than 10 are
considered to indicate excessive levels of daytime sleepiness [17].
The ESS has consistently demonstrated acceptable reliability with
sleep-disordered populations (eg, o = 0.88) [19]. Total ESS scores
were available for 436 participants from the volunteer sample; 132
OSA patients, 289 insomnia patients, and 66 CFS/ME patients.

2.24. Insomnia severity — Insomnia Severity Index (ISI)

The presence and severity of insomnia was assessed using the
Insomnia Severity Index (ISI) [10]. This measure was used as a
screening measure for the volunteer and CFS/ME samples and as
part of a broader assessment of insomnia in the sleep-disordered
samples. The ISI is a seven-item self-report measure which as-
sesses the subjective symptoms and consequences of insomnia, as
well as the degree of concern or distress produced by those diffi-
culties. The seven items are summed to produce a total score
ranging from 0 to 28, with higher scores indicating more severe
insomnia. Scores >7 are suggestive of subthreshold insomnia [10].
The measure has demonstrated good psychometric properties
including internal consistency (o = 0.74), concurrent validity with
sleep efficiency variables and sensitivity to changes with treatment
[9]. The ISl is also consistent with the diagnostic criteria outlined in
the DSM-IV-TR. [9].

2.2.5. Sleep quality — Pittsburgh Sleep Quality Index (PSQI)

Sleep quality was assessed by the Pittsburgh Sleep Quality Index
(PSQI) [28], which assesses frequency of sleep disturbance and
subjective sleep quality (eg, “During the past month, how often
have you had trouble sleeping because you cannot get to sleep
within 30 min?” “During the past month how would you rate your
sleep quality overall?”). The 19 items produce seven factors, which
when summed produce a global PSQI score. The PSQI has good
psychometric properties, with a sensitivity of 90% and a specificity

of 87% of distinguishing between good and poor sleepers [28]. A
clinical cut-off of >5 is indicative of poor sleep quality [28]. Total
PSQI scores were available for 362 participants from the volunteer
sample; 132 OSA patients and 58 CFS/ME patients.

2.3. Statistical analyses

The factor structure of the FFS was tested using an exploratory
factor analysis. Pearson correlations were conducted to assess the
convergent and divergent validity of the FFS with the FSS and ESS.
The differences in fatigue between diagnostic groups was tested
using a between groups one-way analysis of variance (ANOVA).
Finally, the sensitivity and specificity of the FFS and cut-off scores to
determine borderline, moderate and high levels of fatigue were
analyzed using the Youden's ] statistic.

3. Results

A between-groups one-way ANOVA was conducted to explore
age differences in the diagnostic groups. Results revealed a signif-
icant main effect of diagnosis, F (3,845) = 25.18, p < 0.001. Post hoc
t-tests revealed that participants with comorbid OSA and insomnia
were significantly older (X = 52.99 years, SD = 14.64) than all other
diagnostic groups. Further, the insomnia group (X = 48.84 years,
SD = 16.41) was significantly older than both the ME/CFS group
(X =41.92 years, SD = 14.96) and the community sample (X = 39.86
years, SD = 19.42). However, as age explained less than two percent
of the variance in fatigue on the FFS, r (849) = —0.13, p < 0.001, age
was not entered as a covariate in subsequent analyses.

A Chi square test was used to examine gender differences in
diagnostic subgroups. Results revealed significant differences in the
proportion of males in each diagnostic group, xz (3) = 52.79,
p < 0.001, with the comorbid OSA/insomnia group consisting of 67%
males, the insomnia group 34%, community sample 33%, and ME/
CFS group 26%. A two-way between groups ANOVA was conducted
to examine the effect of sex on FFS scores and to determine whether
sex and diagnostic group interacted in their effect on fatigue. Re-
sults indicated no main effect of sex, F (1,759) = 1.56, p = 0.21, and
no interaction between sex and diagnostic group on fatigue, F
(3,759) = 0.47, p = 0.70. As such, sex was not entered as a covariate
in subsequent analyses.

3.1. Internal consistency and factor structure

An exploratory factor analysis revealed a single factor that
explained 67.4% of the variance for the Flinders Fatigue Scale using
the total sample. Analysis by group revealed single factors
explaining variances of 61.2% (volunteer sample), 60.1% (insomnia
sample) and 51.3% (CFS/ME sample). However, the factor loading on
item 7 (“How much was your fatigue caused by poor sleep?”) was
noticeably poorer (0.27) than the other items (ranging from 0.57 to
0.83). Hence another factor analysis was run retaining only the first
6 items of the scale. This returned stronger results, with the single
factor explaining 74.8% of the variance (volunteer sample 67.3%;
insomnia sample 67.3%; CFS/ME sample 59.7%). Data for the six-
item version was not calculable for the OSA sample since individ-
ual FFS item scores were not available. While results from analyses
using the seven-item version are reported here to enable compar-
isons with the results from the Gradisar et al. study [13], analyses
using the six-item version are provided in the Supplementary file.

The internal consistency of the Flinders Fatigue Scale for each
sample was 0.88 for the community volunteer sample, 0.86 for the
insomnia sample and 0.75 for the CFS/ME sample. Both internal
consistency and factor analysis could not be assessed for the OSA
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sample since individual FFS item scores were not available from the
database.

3.2. Convergent validity

The convergent validity was assessed by correlating the total
scores of both fatigue measures for the community volunteer and
CFS/ME samples only, since the Fatigue Severity Scale was only
administered to these samples. Total Flinders Fatigue Scale scores
were strongly and positively correlated (all p < 0.001) with total
Fatigue Severity Scale scores for both the volunteers (r = 0.67) and
CFS/ME (r = 0.61) samples, suggesting both fatigue instruments
were measuring similar constructs within both samples.

3.3. Discriminant validity

Correlations between total Epworth Sleepiness Scale (ESS)
scores and total Flinders Fatigue Scale scores were conducted to
assess discriminant validity. No significant correlation was found
between the Flinders Fatigue Scale and the ESS for the insomnia
(r = —0.08, p = 0.16) and CFS/ME samples (r = 0.03, p = 0.84),
suggesting good discriminant validity between these two measures
of sleepiness and fatigue when administered to clinically fatigued
populations. In contrast, small-to-medium correlations were found
between the ESS and the FFS scores for the sleep apnea (r = 0.29,
p = 0.001) and volunteer samples (r = 0.38, p < 0.001) indicating
slight overlap between these two measures when administered to
populations that typically exhibit lower fatigue. This pattern of
results was replicated when analyses were repeated with the Fa-
tigue Severity Scale, with no significant correlation found within
the clinically fatigued sample (CFS/ME) (r = —0.13, p = 0.30), but a
modest correlation between the two measures was evident in the
volunteer sample (r = 0.39, p < 0.001).

When the community volunteer sample was split into good and
poor sleepers (ie, PSQI greater than five versus PSQI scores of five or
less), correlations between the sleepiness measure and both fatigue
measure followed the same pattern. Within the good sleepers, the
ESS was moderately positively correlated with both the FFS
(r=0.35,p <0.001) and the FSS (r = 0.41, p < 0.001). However, the
relationship of the ESS to each of the fatigue measures was small-
to-moderate amongst the poor sleepers, with correlations be-
tween the ESS and the FFS (r = 0.18, p = 0.02) and the FSS (r = 0.28,
p <0.001). This trend supports findings observed within the clinical
groups that the higher the level of fatigue, the greater the distinc-
tion between fatigue and sleepiness.

3.4. Differences between diagnostic subgroups

3.4.1. Flinders Fatigue Scale

Participant scores on the FFS were normally distributed. A one-
way between groups ANOVA was conducted to compare FFS scores
across groups. A main effect for group was found [F(3,926) = 158.96,
p <0.001,n? = 0.34]. Post-hoc comparisons with Tukey HSD revealed
that the CFS/ME group had significantly higher mean FFS scores
(M = 23,59, SD = 4.81) than the insomnia group (M = 18.89,
SD = 6.46). Furthermore, both groups had significantly greater FFS
scores than the sleep apnoea (M = 10.48, SD = 6.11) and volunteer
groups (M = 11.09, SD = 6.23). The latter two groups did not differ
from each other (p = 0.76). All significant comparisons were sig-
nificant at p < 0.001. Thus, the FFS is able to distinguish populations
on the basis of their theoretically proposed fatigue levels.

3.4.2. Flinders Fatigue Scale cut-offs
The sensitivity and specificity of the FFS to discriminate in-
dividuals with insomnia diagnoses and CFS/ME diagnoses from a

non-clinical population were examined in order to identify clinical
cut-off scores for excessive fatigue. Sensitivity and specificity values
are shown in Fig. 1, below at each potential cut-off score on the FFS
along with the associated Youden's | statistic [33]. The ] statistic is a
single index that ranges from —1 to 1. A score of zero indicates a
cut-off with no predictive value (ie, when the test would give the
same proportion of positive outcomes irrespective of whether one
had a diagnosis or not). A score of lindicates a cut-off score with
perfect predictive value (ie, there would be no false positives or
false negatives). As such, Youden's ] can be seen as an index of
discriminability with higher values indicative of sensitivity and
specificity being maximized.

Although these analyses demonstrate that the Flinders Fatigue
Scale is effective in discriminating between a non-clinical popula-
tion and clinical populations where fatigue is an issue, it is
important to note that the FFS is not designed as a screening tool for
these clinical groups. Its main purpose is to measure fatigue in the
general population. Nevertheless, it is suggested that this very data
can be used to indicate the severity of fatigue by reference to these
first two groups. Specifically, any given fatigue score can be
described in terms of the proportion (or percentage) of people with
insomnia and CFS/ME that attain that score or lower on the FFS. In
other words, this is the false negative rate (ie, 1 — sensitivity). For
example, an FFS score of five equates to a level of fatigue experi-
enced by three percent of insomniacs and zero percent of those
with CFS/ME. In contrast, a score of 16 equates to a level of fatigue
experienced by 24% of insomniacs and six percent of those with
CFS/ME while a score of 19 corresponds with fatigue experienced
by 44% of insomniacs and 12% of those with CFS/ME. Table 1 shows
the values for the false negative rate and the true negative rate (ie,
specificity) at each level of the FFS.

Typically scores within one standard deviation of the mean
indicate a range of scores for that population that reflect the
“average” range. In a standard normal distribution, scores outside
this “average” range correspond with the lowest (and highest) 16%
of scores. Hence, cut-off scores on the FFS whereby 16% of in-
somniacs and those with CFS/ME would reflect a score that is
indicative of having fatigue similar to those with insomnia or CFS/
ME, respectively. Thus, from Table 1, among those with insomnia,
an FFS score of 13 or higher corresponds with those showing an
“average” level of fatigue for those with insomnia. Similarly, among
those with CFS/ME, an FFS score of 21 or higher corresponds with
those showing an “average” level of fatigue for those with CFS/ME.
For the higher cut-off of 21, this corresponds with the maximal
Youden's ] score (J = 0.78) indicating that the FFS best discriminates
those with CFS/ME from the non-clinical population at a score of 21.
However, the best FFS score (J = 0.54) for discriminating those with
insomnia from the non-clinical population is 16. As such, it is rec-
ommended that three cut-off scores are recommended as shown in
Table 2.

4. Discussion

The Flinders Fatigue Scale is a brief instrument developed to
clinically evaluate fatigue in patients with insomnia complaints,
and to measure treatment outcomes. The current study provides
empirical support regarding the psychometric properties of the
scale in samples of sleep disordered, clinically fatigued, and com-
munity volunteer populations, as well as a clinical cut-off score.
Specifically, the FFS displayed satisfactory internal consistency and
its convergent validity was demonstrated by significant correla-
tions with another measure of fatigue — the Fatigue Severity Scale.
Furthermore, the FFS displayed adequate discriminant validity
when administered to clinically fatigued populations, returning
non-significant correlations with a measure of sleepiness — the
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Epworth Sleepiness Scale. Finally, the FFS demonstrated sensitivity
to fatigue differences between diagnostic subgroups.

4.1. Factor structure

An initial exploratory factor analysis showed the Flinders Fa-
tigue Scale to be composed of a single factor explaining 67% of the
variance. However, factor loadings suggested that the seventh item
of the FFS did not load highly on this factor. Interestingly, removal of
the seventh item did not significantly affect the levels of fatigue
reported by each sample, nor produce different patterns of differ-
ences in fatigue between the groups (please see Supplemental
analyses). Hence, although the six-item version is theoretically
more robust, in practice, no meaningful difference was apparent
between the six- and seven-item versions.

4.2. Discriminant validity

Administering the Flinders Fatigue Scale to sleepy (ie, OSA) and
chronically fatigued (ie, CFS/ME) samples provided discriminant
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Fig. 1. Discriminating insomnia and CFS/ME, respectively, from a non-clinical population.
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True and false negative rates, and Youden's ] index of discriminability, for each FFS score used as a cut-off.

Insomnia sample CFS/ME sample
FFS True negative False negative False negative Fatigue
Score rate® rate J rate J Severity
0 .00 .00 .00 .00 .00
1 .07 .02 .05 .00 .07
2 .09 .02 .06 .00 .09
3 NN .03 .08 .00 1
4 A3 .03 10 .00 A3
5 15 .03 A2 .00 15
6 18 .04 14 .00 18
7 .23 .04 18 .00 .23
8 .28 .07 21 .00 .28
9 .34 .07 .27 .02 .32
10 42 .08 .34 .02 41
11 46 10 .37 .03 43
12 53 12 41 .03 .50
13 .58 15 43 .06 .52
14 .63 .20 43 .06 .57 Borderline
15 .70 .22 48 .06 .64
16 .78 .24 .54 .06 .71
17 .81 .31 .51 .09 72
18 .86 .39 47 A1 .75 Moderate

 True negative rate = Specificity
® False negative rate = 1 — Sensitivity

4.3. Application of FFS to sleep disordered populations

Studies of sleep-disordered samples that have assessed subjec-
tive fatigue have typically employed the Fatigue Severity Scale.
Whilst in the current study, the Fatigue Severity Scale demon-
strated qualities similar to the Flinders Fatigue Scale, the FFS items
provide information which is directly useful to the clinician (eg, the
time(s) of day fatigue is typically experienced, the severity of the

Table 2
Recommended cut-off scores on the FFS and descriptions of how they can be
interpreted.

FFS cut-off score Interpretation

13 Borderline: About 15% of people with insomnia
score below this value. Scores of 13 and above
indicate a level of fatigue that would be found in
the “average” person with a diagnosis of
insomnia
Moderate: This score maximally discriminates
those with insomnia for a non-clinical
population. About a quarter of those with
insomnia would have fatigue levels below this
value
21 High: About 15% of people with Chronic Fatigue
Syndrome or Myalgic Encephalomyelitis score
below this value. Scores of 13 and above
indicate a level of fatigue that would be found in
the “average” person with a diagnosis of fatigue
syndrome or Myalgic Encephalomyelitis

16

fatigue experienced, etc.). From a clinician's perspective, informa-
tion elicited by the Fatigue Severity Scale items may not be as useful
when evaluating sleep-related complaints (eg, “My motivation is
lower when I am fatigued”, “Fatigue is among my three most
disabling symptoms”). Similar observations have been made by
Taylor et al. [35], who noted that the FSS appears to measure the
impact of fatigue on functioning rather than the intensity of fatigue
symptoms.

Sensitivity and specificity analyses indicated scores that best
discriminated insomniacs and CFS/ME populations from a non-
clinical population. These data were also used to classify fatigue
severity by reference to these first two groups. Results showed that
FFS total scores of 13—15 are indicative of borderline fatigue, scores
of 16—20 suggest moderate fatigue, while total scores of 21 or more
indicate severe fatigue.

4.4. Study limitations and future directions

The use of a snowball sampling method to recruit a healthy
population may have resulted in bias as people with sleep or fatigue
symptoms may have been more likely to participate in sleep
research versus truly healthy people. This may also account for why
more than half of the healthy population meet criteria for being a
poor sleeper. In addition, it would be beneficial to have collected
additional demographic information on the participants to allow
greater description and comparison of these groups. In particular,
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the inclusion of measures of depressed mood would be beneficial as
fatigue is a common symptom of depression and may be more
prevalent among individuals with sleep disorders and health con-
ditions, such as CFS/ME.

As a measure of daytime fatigue, some psychometric aspects
of the Flinders Fatigue Scale are yet to be examined. For example,
the test-retest reliability of the FFS is still unknown. Whilst this
property may not be relevant to healthy populations, where fa-
tigue levels may often vary in response to current lifestyle de-
mands, it is important to gauge the stability of the FFS over time
within clinical populations. Hence administering the FFS on
multiple occasions to a sample of untreated insomnia patients
would provide useful information. Furthermore, whilst sensi-
tivity to treatment effects has been shown in insomnia patients
[36—39], and individuals with Delayed Sleep Wake Phase Disor-
der [40], the FFS would benefit from further independent testing
of its sensitivity to treatment effects in other sleep disordered
groups.

Finally, factor analysis revealed the Flinders Fatigue Scale to
have stronger internal consistency when the seventh item was
removed. This finding was consistent for all four samples and is
consistent with findings from Gradisar et al. [13]. Whilst the sev-
enth item, which enquires about the relationship between the
patient's sleep and their fatigue, may provide clinically useful
qualitative information, it does not appear to be strongly related to
the single factor “daytime fatigue” which emerged in the factor
analysis. Consideration should be given regarding whether to retain
this item as part of the calculable FFS score.

4.5. Summary

The current study has built upon preliminary psychometric
testing to add further support to the strength of the Flinders Fatigue
Scale as a measure of daytime fatigue in insomnia populations. The
study confirms the scale's strong internal consistency, and
discriminant validity against a measure of daytime sleepiness.
Furthermore, the study investigated previously unknown psycho-
metric factors and found the FFS to display good convergent validity
with the Fatigue Severity Scale. The FFS also demonstrated sensi-
tivity to predicted levels of fatigue in four clinically distinct pop-
ulations — including two sleep disordered samples. Future research
should be directed towards further examination of the scale's
sensitivity to treatment effects within sleep-disordered
populations.
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