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Abstract

Objective: The objective of this study was to develop patient-reported outcome measures for sleep
dysfunction and sleepiness in multiple sclerosis (MS), since there are currently no MS-specific meas-
urement tools for these clinically important entities.

Methods: Items were generated from semi-structured interviews followed by cognitive debrief. A 42-
item pool was administered to patients with MS at three neuroscience centres in the UK. Comparator
scales were co-administered. Constructs were validated by Rasch analysis, guided by initial exploratory
factor analysis.

Results: There were two supraordinate qualitative themes of diurnal sleepiness and non-restorative
nocturnal sleep. Rasch analysis on 722 records produced three scales, which corresponded to diurnal
sleepiness, non-restorative nocturnal sleep and fragmented nocturnal sleep. All had excellent fit par-
ameters, were unidimensional and were free from differential item functioning. A summed raw score
cut-point of 31/48 in the Diurnal Sleepiness Scale equated to the standard cut-point of 10 on the Epworth
Sleepiness Scale (ESS).

Conclusion: Three high-quality measurement scales were developed, and together they compose the
Neurological Sleep Index for MS (NSI-MS). The Diurnal Sleepiness Scale might provide an alternative
to the ESS. The Non-Restorative Nocturnal Sleep Scale and the Fragmented Nocturnal Sleep Scale
appear to be the only such measures for use in MS.
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Introduction

There is a high prevalence of sleep disorders in mul-
tiple sclerosis (MS), much of which is thought to
remain clinically undiagnosed.'” Sleep disturbance
in MS is associated with reduced quality of life’*
and may be related to MS fatigue;*® indeed, treatment
of conditions such as sleep-disordered breathing in
MS may improve levels of fatigue.”® Qualitatively,
it is clear that there is an intimate relationship between
sleep and fatigue in MS,” and, quantitatively, sleeping
for either too little or too long at night is associated
with higher levels of fatigue; those with the lowest
levels of fatigue have an average nocturnal sleep dur-
ation of 7.5 hours.'” In addition, those with broken
nocturnal sleep have greater fatigue.'®

Despite the importance of sleep disturbance in MS,
there is currently no MS-specific scale for measuring

sleepiness or quality of nocturnal sleep. Caution
needs to be exercised when instruments that are not
validated for specific neurologic diseases are used by
patients with MS, an example being a high false-
positive rate of restless legs syndrome (RLS) when
using the International Restless Legs Syndrome
Study Group diagnostic questionnaire.'' A recent
review of sleep disorders in MS and their relation-
ship to fatigue similarly recognised that generic
scales may be confounded in MS and recommended
the creation of instruments that would be specific
to sleep disorders in the context of MS-related
fatigue.'?

During the construction of the Neurological Fatigue
Index for MS (NFI-MS), two such sleep-related scales
were identified — a relief by diurnal sleep or rest scale
and an abnormal nocturnal sleep scale — but it
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was concluded that further development of these was
required."?

Objective

This paper takes the development of the two
sleep-related patient-reported outcome measures of
the NFI further, with the objective of achieving
high psychometric validity, including fit to the
Rasch measurement model.

Methods

The study had approval from the local research
ethics committees. All subjects received written
information on the study and gave written informed
consent prior to participation.

Qualitative phase

Qualitative data from semi-structured interviews
previously performed with 40 patients with MS
to explore fatigue, details of which can be found
elsewhere,” were re-analysed in order to generate
new sleep-related scale items, with each theme
represented by a small number of items. Standard
techniques of content analysis were employed.'*

The new items were combined with the previously
derived NFI-MS sleep-related scales'® to create a
pool of 42 items, each with a common four-point,
Likert-style response option'® of ‘strongly disagree’,
‘disagree’, ‘agree’ and ‘strongly agree’, with each
item being scored 0, 1, 2 or 3. There was a single-
sentence instruction at the start of the scale asking
respondents to consider their experience over the
previous 2 weeks.

Items were put to a multidisciplinary panel of pro-
fessionals experienced in MS and sleep, comprising
MS specialist nurses, MS specialist physiotherapists
and occupational therapists, consultants in neurology
and neurorehabilitation with a specialist interest
in either MS or neurological sleep disorders, and
a clinical physiologist in sleep medicine, in order
to confirm appropriateness and completeness of
the pool.

Cognitive debriefing of the draft scale was performed
following face-to-face administration to 10 MS patients
in the outpatient clinic. This allowed any gross prob-
lems with wording or item dysfunction to be identified
and remedied.

Main data phase

A cross-sectional cohort of patients with clinically def-
inite MS'® was identified from consecutive individual
outpatient attendances in three neuroscience centres

in the UK (Liverpool, Preston and Manchester).
The recruitment was part of a larger, ongoing project
aiming to determine trajectories in neurological out-
comes, including quality of life, in MS (the TONiC
study). The data were collected over the first
12 months of study recruitment. Those recruited
for the larger study then received a questionnaire
pack containing the set of potential items for the
proposed scale, questions on demographics and
basic disease information, self-estimated duration
of both nocturnal and any diurnal sleep, together
with the Epworth Sleepiness Scale (ESS)"
and Medical Outcomes Study Sleep Scale (MOS-
SS)'® and the Neurological Fatigue Index
for MS (NFI-MS),"? for comparative analysis (see
supplemental material for description of comparator
measures).

Data from the comparator measures were converted
to interval level by Rasch analysis; data from the
NFI-MS and the ESS were expected to fit the
Rasch model (the NFI-MS was created with Rasch
validation and the ESS subjected to unpublished ana-
lysis by the authors on previous data);'® the MOS
required de novo analysis.

Participants of any age, disease type and disabil-
ity level were included (the range of Expanded
Disability Status Scale (EDSS) scores”® was 0—9.0
as rated by neurologists at the time of database
enrolment).

Retesting was performed at 2—4 weeks. The scale
was re-administered with a global indicator of
change question to determine whether symptoms
had been worse, unchanged or better.

In order to corroborate the qualitative themes and
inform the psychometric analysis, the responses to
items representative of each theme were re-scored
0, 0, 1, 1, thus dichotomising the data into dis-
agree/agree. The prevalence of each theme in the
sample could then be calculated as the percentage
endorsing each item.

Data were transcribed to a computer database (tran-
scription error based on checking a random 10%
sample was <0.1%).

Psychometric analysis/item reduction

An exploratory factor analysis was undertaken to
determine any multidimensionality within the item
pool which might inform item groups taken forward
to Rasch analysis. Valid scales were identified by fit
of data to the Rasch measurement model. Briefly, the
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process of Rasch analysis is concerned with whether
or not the data meet the model expectations, and
provides an assessment of the suitability of the
response scale, the fit of individual items, item
bias, local dependency and the dimensionality of
the scale as a whole. Details of the exploratory
factor analysis technique and the Rasch fit criteria
can be found in the supplemental material.

For Rasch analysis, a sample size of 243 will provide
accurate estimates of item and person locations irre-
spective of the scale targeting.”' Assuming a min-
imum 50% response rate from the recruited subjects,
the expected sample size would allow the data to be
split randomly into two equal samples of approxi-
mately n=350, one data set for initial evaluation
and the second set aside in order to validate the
results.

External comparison

For each new scale, linear correlation of the Rasch-
derived interval-level person estimates with the com-
parator measures, which had also been transformed
to interval scaling by Rasch analysis, was performed.
All correlations were expected to be moderate (rho
0.4—0.7) in size. Correlation with estimates of noc-
turnal and diurnal sleep duration was also performed,
and other relationships with features of sleep dys-
function were investigated.

Test—retest reliability

The test—retest reliability of scales was examined by
differential item functioning (DIF) by time on all
who completed the retest, and by concordance cor-
relation coefficient (CCC)**** using only those
respondents who indicated no change on the global
indicator of change question. CCC was rated using
the Landis and Koch benchmarks: 0 to 0.20 ‘slight’,
0.21 to 0.4 “fair’, 0.41 to 0.60 ‘moderate’, 0.61 to 0.8
‘substantial’, and above 0.81 ‘almost perfect’ con-
sistency or conformity.**

Raw score to interval scale conversion

Given fit to the Rasch model, a straightforward con-
version is available between the raw score for each
scale and the interval scale estimate provided by the
model (the person location), in logits. The logit esti-
mates are converted to the same range as the raw
score by a further simple linear transformation.
This nomogram can be used to obtain linear esti-
mates from the raw scores of other samples only
when their data are complete.

Results
Sample characteristics

Qualitative phase. Forty subjects were interviewed,
of whom 32 (80%) were female, mean age was 49.0
years (SD 9.7, range 34—78), and mean disease dur-
ation was 16.3 years (SD 9.4, range 1—41); a full
range of disease phenotypes and a wide range of
EDSS scores (0—9.0) were represented.

Main data sample. From an initial data census for
the TONIC study on 31 October 2014, 722 packs
were returned; 519 (72.5%) were female. Mean age
was 48.9 years (SD 11.6, range 17—82); 71 (9.8%)
had primary progressive disease, 40 (5.5%) rapidly
evolving MS, 418 (57.9%) relapsing—remitting and
161 (22.3%) secondary progressive disease; 32
(4.4%) had unknown disease type. The mean dur-
ation of MS was 11.5 years (SD 9.1, range 0—49).
There was a wide range of EDSS scores (0—9.0).
Seventy-five subjects completed the retest at 2—4
weeks and were examined for DIF by time; 43 of
these reported no change in sleepiness and were used
in the CCC analysis.

Qualitative analysis

Two clear supraordinate sleep-related themes
emerged, concerning diurnal sleepiness and the unre-
freshing or non-restorative nature of nocturnal sleep,
which are expanded in the supplemental material; the
prevalence of these themes in the main data sample
can also be found there (Table S1).

Scale items. Items were generated to represent the
qualitative themes; wording was selected to be
simple and concise, reflecting as much as possible
phraseology from the patients’ narratives. None were
worded for reversed scoring. Some example items
were: ‘I sometimes simply cannot control the urge
to sleep in the day’, ‘My energy levels drop and I
find my eyelids closing’, ‘Tiredness suddenly hits
me like a wave’, ‘I get a feeling as if I’ve had too
many late nights.’

Review panel and cognitive debriefing. All items
were confirmed as being reasonable by the review
panel and appeared to be easily understood at cog-
nitive debrief.

Psychometric analyses

Factor analysis. Bartlett’s Test of Sphericity was
highly significant (p <.001) and the Kaiser—
Meyer—Olkin (KMO) measure of sampling adequacy
value was 0.962, both supporting the factorability of
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Table 1. Summary fit statistics for Rasch analyses.

the matrix. Principal component analysis (PCA) with
Promax rotation for related factors revealed four
potential subscales from the 42-item set, which was
also supported by parallel analysis.

The pattern matrix can be found in the supplemental
material (Table S2). Seventeen items loaded to
the first factor, interpreted as diurnal sleepiness;
15 items to the second factor, non-restorative noctur-
nal sleep; and five items loaded to the third factor,
relating to fragmented nocturnal sleep. The final
factor comprised five items with negative loadings
(‘T have spells of unsatisfying yawning’, ‘I yawn a
lot’, ‘I have to go to bed really early’, ‘If I sleep in
the day, I don’t sleep well at night’, ‘I'm afraid to
fall asleep in the day’,) and for this reason was deter-
mined to be separate from the underlying latent trait.

Rasch analysis. The main sample was split
randomly into two, making an ‘exploratory’ and a
‘validation’ sample. Comparison of these samples
by t-test or chi-square test revealed no significant
differences between age, disease duration, disease
type, EDSS level, or marital and employment status.

Data in the evaluation sample, in item groups based
on the pattern matrix, were then fitted to the Rasch
measurement model. An iterative process of item
reduction involved identifying disordered thresholds,
DIF, item misfit and breaches of local dependency,
including multidimensionality. The summary statis-
tical findings related to the salient analyses are given
in Table 1.

Diurnal sleepiness. Rasch analysis of the 17 diurnal
sleepiness items (factor 1) indicated that all item
thresholds were ordered, suggesting that respondents
could properly discriminate between response
options. However, overall chi-square was highly sig-
nificant, and several items displayed misfit; there
was multidimensionality, with 8.7% (confidence
interval (CI) 5.8—11.6%) of t-tests indicating sig-
nificantly different person estimates derived from
different subsets of items (Table 1, analysis 1). An
iterative process led to a scale reduction to nine
items. This scale had satisfactory fit with absence
of local dependency and DIF by age, sex, disability
level and disease type, but failed the post hoc #-test
for unidimensionality. Testlets were created for item
pairs 35 and 37, and 51 and 53 (respectively,
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the most negative and positive items loading to the
first factor in a PCA of the item residuals); only 1%
of the total scale variance was shed, but this
was enough to render the scale unidimensional
(Table 1, analysis 2). The discarded eight items
were then analysed; deleting one of these items
because of high negative fit residual, indicating
redundancy (item 14, ‘I need to sleep in the day’),
resulted in another seven-item scale with satisfactory
fit (Table 1, analysis 3). The 16 items were then re-
analysed; there were low levels of local dependency
with rho of 0.2-0.4 between eight item pairs which
spanned the two scale groups. Testlets were therefore
made of the two scale groups, and this resulted in a
unidimensional scale with excellent fit, having
shed 3% of the item variance in the testlet structure
(Table 1, analysis 4).

Non-restorative nocturnal sleep. The 20 items from
factors 2 and 3 were initially analysed together. All
thresholds were ordered, but the scale failed to meet
the model expectations, with highly significant over-
all chi-square and misfitting items, although the post
hoc #-test revealed unidimensionality at 5.3% (CI
3.0-7.6%) (Table 1, analysis 5). It became clear
that the factor 3 items were being consistently
excluded, and so factor 2 items were analysed in
isolation. Misfitting items were deleted until an
eight-item scale was found which had satisfactory
fit, was free of local dependency and DIF, and
remained unidimensional (Table 1, analysis 6). The
seven discarded items were analysed, and these also
formed a scale with satisfactory fit (Table 1, analysis
7). The 15 items were then re-analysed; there were
low levels of local dependency, with rho of 0.2-0.3
between item pairs, which spanned the two scale
groups. Testlets were therefore made of the two
scale groups, and this resulted in a unidimensional
scale with excellent fit, without losing any item vari-
ance in the testlet structure (Table 1, analysis 8).

Fragmented nocturnal sleep. The five items of
factor 3 were analysed in isolation. There was one
grossly misfitting item (item 31, ‘my legs keep
me awake at night’) causing overall scale-misfit
(Table 1, analysis 9). Once this item was removed,
the remaining four items produced a unidimensional
scale free from local dependency and DIF (Table 1,
analysis 10).

Factor 4. Analysis of the five items of factor 4
revealed extensive misfit with very low reliability
indices (Table 1, analysis 11), which could not be
recovered, and hence the scale was abandoned.

Validation data. Data from the validation sample for
the derived scales were then applied to the Rasch
model. The Diurnal Sleepiness Scale (DSS) and
Non-Restorative Nocturnal Sleep Scale (NRNSS)
satisfied all the fit criteria in their two-testlet struc-
tures (Table 1, analyses 12 and 13). The Fragmented
Nocturnal Sleep Scale (FNSS) also demonstrated
good fit without requiring any further modification
(Table 1, analysis 14).

Test—retest reliability. Retesting was performed
between 2 and 4 weeks. The invariance of the item
difficulty over time was confirmed by the absence of
DIF by time. CCC for the DSS was 0.813 (95% CI
0.688—0.891); for the NRNSS it was 0.821 (95%
CI 0.694—0.898), implying ‘almost perfect’ concord-
ance; and for the FNSS it was 0.786 (95% CI
0.638—0.878), implying ‘substantial’ concordance
for each scale.

External construct validity. Unmodified data from
the ESS and NFI-MS satisfied the Rasch fit criteria
(Table 1, analyses 15—18). In order to achieve satis-
factory fit for data from the MOS, two items (trouble
staying awake during the day and awaking with
breathlessness/headache) required removal. This
resulted in a scale with face validity for a latent
trait of nocturnal sleep quality (original factors of
sleep adequacy and sleep disturbance); the final
four-item scale had ordered response thresholds,
was unidimensional and was free from DIF
(Table 1, analyses 19 and 20).

The linear correlations between the sleep scales and
comparator measures are shown in Table 2. There
was moderate correlation between the DSS, the
ESS and hours of day sleep. The NRNSS and
the FNSS correlated moderately with the MOS.
NRNSS scores increased directly with sleep latency
(Figure 1). There was no linear relationship between
duration of nocturnal sleep and the NRNSS, but a
line plot revealed a U-shaped relationship, with
a nadir in non-restorative sleep (NRS) at a sleep
duration of 7.5 hours (Figure 2). There was no
correlation between any of the scales and either sub-
ject age or disease duration.

The ESS was equated to the DSS; the standard
summed raw score cut-point for pathological sleepi-
ness of 10 on the ESS equated to a summed raw
score of 31 on the DSS (Figure 3). This meant that
26.6% of respondents in the study sample had patho-
logical diurnal sleepiness.
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Table 2. External comparison by Pearson rho (Spearman’s rho for duration of sleep) (n=708).
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Figure 1. Mean NRNSS vs. nocturnal sleep latency.

Raw score to interval scale conversion. Given fit to
the Rasch model, a simple conversion of the raw
score for each scale to its interval scale equivalent
is provided in Table 3.

Discussion

A suite of short, simple, patient-based, MS-specific
self-report scales was developed which measured
diurnal sleepiness, non-restorative nocturnal sleep

46-60
Nocturnal sleep latency (mins)

and fragmented nocturnal sleep. The scales had a
clear conceptual and qualitative basis and satisfied
the rigorous psychometric standards of Rasch ana-
lysis in accordance with the US Food and Drug
Administration’s guidelines for the development of
patient-reported outcome measures.”> The scales pro-
vided valid measurement for patients of any age, sex,
disease type, and disability level. Collectively, they
form the Neurological Sleep Index for MS (NSI-MS).
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Figure 3. Raw score vs. person location for the Epworth Sleepiness Scale (ESS) and Diurnal Sleepiness Scale (DSS). An ESS
summed raw score of 10 equates to a summed raw score of 31 (or 28.67 using the transformed interval score) on the DSS.

The first scale concerned diurnal sleepiness. It might
be seen as a direct replacement for the ESS, and has
the potential advantage of not being tied to particular
situations which may, or may not, be relevant to
patients with MS. There is a degree of convergence
between diurnal sleepiness and fatigue, but the two
entities are considered distinct,”®?” and it is import-
ant to be able to measure this separate variable as a
potentially modifying, and modifiable, factor.

The second scale measured non-restorative nocturnal
sleep. NRS is an established concept that concerns
the sense of being un-refreshed upon waking and a
wider sense that nocturnal sleep has been inadequate
despite opportunity to sleep, although it is acknowl-
edged that there is no universally accepted definition
of NRS in the literature.*® There is also debate as to
whether NRS should be regarded as integral to the
concept of insomnia, in addition to the problems of
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Table 3. Nomogram of summed raw scores to
interval level conversion. The conversions remain
valid provided there are no missing data.

initiating and maintaining sleep.”*>° Whatever
the nosological dilemma, the current results (see
Figure 1) reveal a direct relationship between NRS
and sleep latency, as might be expected.®’ There was

also a non-linear relationship between NRS and
sleep duration, and these well-formed relationships
with basic sleep parameters suggest that measure-
ment using the NRNSS can be meaningful.

The final scale provided a measure of sleep fragmen-
tation. There do not appear to be any other existing
scales dedicated to measuring this phenomenon in
neurologic disease. Fragmented sleep had an indir-
ect, linear correlation with nocturnal sleep duration,
which was different from the relationship between
NRS and nocturnal sleep duration, suggesting that
the FNSS and NRNSS were measuring different enti-
ties; however, there is thought to be causation and
effect between sleep fragmentation and NRS.*? The
other notable feature of the scale was the necessary
omission of the item relating to lower limb symp-
toms, which would encompass RLS, perhaps sug-
gesting that RLS is separate again from any of the
sleep-related traits currently presented.

The exploratory factor analysis revealed one group
of items (factor 4) which could not be reconciled.
These items probably represented consequences of,
or adaptive behaviour to, the other supraordinate
themes, and were unlikely to be of importance for
clinical measurement in the current context.

Methodology

There was an attempt to make the development of
the scales, from qualitative phase to decisions for
item selection, as transparent as possible, since the
validity of any scale rests not only simply on a series
of fit statistics, but also on the scale’s ability to
measure the desired latent trait. There has been
recent debate that Rasch analysis is too restrictive
and drives scale construction along lines of fit cri-
teria at the expense of conceptual utility of items,”
and, for example, that statistical criteria are used
alone in order to determine unidimensionality.>*>
We would argue that any scale has to be underpinned
by a clearly defined latent trait of clinical relevance,
but measurement has fundamental mathematical
requirements, and the only way that such require-
ments can be realised is by application of the
Rasch model. A scale which does not meet the
Rasch model’s requirements is simply a symptom
inventory, which may yield qualitative informa-
tion but cannot be used for measurement. In the
same way that statistical criteria are not a substi-
tute or surrogate for conceptual unidimensionality,
a conceptually unidimensional scale is meaningless
for measurement unless the mathematical measure-
ment requirements are also satisfied.
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The point that both conceptual and mathematical
unidimensionality are necessary and inextricable is
perhaps illustrated in this study with the analysis of
the items comprised in factors 2 and 3. The initial
qualitative interpretation was that themes of sleep
fragmentation would be part of NRS, and hence
they were analysed together, overriding the explora-
tory factor analysis. However, the Rasch analysis
could not be resolved in this configuration, and it
was clear that NRS was distinct from fragmented
sleep, which, in retrospect, was felt to be entirely
reasonable as a clinical concept. It should be
remembered that Rasch analysis is based on prob-
abilities provided by respondents, so that the stochas-
tic realisation of measurement is driven by the
patients with MS themselves, and measurement
instruments derived in this way should not be
easily dismissed.

Validation of any new scale is an ongoing process
involving reproduction of construct validity in sam-
ples larger than the relatively small sample used in
this study, the capture of longitudinal and clinical
trial data, and the determination of the minimal clin-
ically important difference (MCID). This process
may also establish the clinical usefulness of the
instruments. The initial validation presented here
was also perhaps limited by the absence of sleep
laboratory investigations such as multiple sleep
latency tests (MSLT), maintenance of wakefulness
tests (MWT) and polysomnography for external
comparison or the corroboration of cut-points for
sleepiness and the demonstration of sleep pathology.
Such comparison may be the subject of future work.
However, the MSLT and MWT should not necessar-
ily be seen as superior or more objective measures of
sleepiness or the non-restorative nature of nocturnal
sleep, and may have their own limitations.’*>®

The NSI-MS is free for use by all state-funded
health-care organisations and not-for-profit agencies,
and can be obtained, after appropriate registra-
tion, from the psychometric laboratory at Leeds
University  (http://medhealth.leeds.ac.uk/info/732/
psychometric_laboratory/1493/scales) or by contact-
ing the authors.

Conclusion

Development of the NSI-MS corroborated previous
findings that there are latent traits relating to diurnal
sleepiness and non-restorative quality of nocturnal
sleep that are meaningful to patients with MS,
as well as introducing an instrument to measure noc-
turnal sleep fragmentation. The NSI-MS was shown
to fit the Rasch model and therefore measures

unidimensional constructs and generates interval-
level data. The DSS does not contain situation-spe-
cific items and might therefore provide an alternative
to the ESS. The NRNSS and the FNSS appear to be
the only such measures for use in MS. It is intended
that the suite of scales will allow sophisticated inter-
rogation of the relationships between sleep dysfunc-
tion and other clinical features of MS at both an
individual and a population-based level.
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