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ARTICLE INFO ABSTRACT

Keywords: Insomnia has an estimated prevalence of over 20 % in patients with multiple sclerosis (MS) and preliminary
Insomnia evidence suggests that treating insomnia through cognitive behavioral therapy for insomnia (CBT-I) can alleviate
MS

fatigue and other secondary symptoms in this population. Video-based CBT-I, an emerging remote treatment
modality, has shown promise in previous studies for addressing insomnia in various populations, indicating its
potential as an efficient treatment approach for individuals with MS. This pilot study aimed to assess the impact
of video-based cognitive behavioral therapy for insomnia (VCBT-I) on individuals with comorbid insomnia and
multiple sclerosis (MS). Out of the ten participants, six experienced statistically significant reductions in total
wake time during the night, while seven demonstrated clinically significant improvements in waking time, and
eight achieved insomnia remission based on the Insomnia Severity Index (ISI). These findings align with prior
research indicating the effectiveness of CBT-I in addressing sleep disturbances and its promising potential for
insomnia in MS. Moreover, improvements in depression symptoms, as measured by the PHQ-9, and reductions in
worry, as assessed by the GAD-7, were observed. Although fatigue outcomes varied, suggesting a potential need
for optimal sleep duration, participants reported enhanced quality of life and high treatment satisfaction. These
results suggest that VCBT-I is a well-tolerated and effective treatment option for individuals with comorbid MS
and insomnia, highlighting its potential to alleviate both sleep-related and psychological symptoms.
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1. Introduction awakening), or early awakenings without being able to go back to sleep

[4]. There are no large-scale epidemiological studies on the prevalence

Multiple sclerosis (MS) is the neurological disease with the highest
prevalence, and it is estimated that MS is affecting 2.8 million people
globally [1]. The disease causes variable and unpredictable symptoms of
which the most common include sensory disturbances, ataxia, fatigue,
walking difficulties, visual disturbances, gastrointestinal and urinary
dysfunction, cognitive and emotional impairment, dizziness, and sexual
dysfunction. Almost 70 % of people with MS also suffer from at least one
or more sleep disturbances, such as Willis-Ekbom disease (WED; restless
legs syndrome), obstructive sleep apnea (OSA) and/or insomnia [2,3].
Insomnia is clinically defined as dissatisfaction with the quantity or
quality of sleep, associated with either difficulty falling asleep, disturbed
sleep (frequent awakenings or difficulty falling asleep again after

of insomnia in MS, but the prevalence has been estimated to be over 20
% among MS-patients [5,6]. This is higher than the prevalence in the
general population, which has been estimated at 11.3 % (with
geographical variations between 2.3 % and 25.5 % [7]).

Sleep disturbance seems to increase the experience of fatigue, which
is the most common, troublesome and disabling secondary symptom of
MS. Fatigue contributes to a poorer quality of life, reduced ability to
work, and reduced participation in everyday and social activities [8,9].
Furthermore, several studies have demonstrated the relationship be-
tween sleep disturbance, depression, anxiety, and pain, with sleep
disturbance itself having been shown to be an independent predictor of
quality of life [3,10]. Insomnia in MS is likely to be significantly
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underdiagnosed and can become chronic since spontaneous improve-
ment is rare [2,11]. Difficulties in identifying insomnia in MS patients
may result in patients with insomnia receiving treatment for conditions
other but similar problems than insomnia, such as fatigue [2]. This is
unfortunate, as there is evidence that treating insomnia in MS patients
can reduce their fatigue and other secondary symptoms [12,13].

The first-line treatment for insomnia is currently cognitive behav-
ioral therapy for insomnia (CBT-I), [14-16]. There is extensive support
that CBT-I leads to improved sleep efficiency, shorter sleep onset la-
tency, and fewer nocturnal awakenings, and increased total sleep time
(e.g. Ref. [17]). In addition, CBT-I have better long-term effects than
pharmacological interventions [18,19]. Despite good evidence for
CBT-I, only a few studies have investigated the effect of CBT-I in an MS
population. A recent systematic literature review of insomnia treatment
for MS patients by Turkowitch et al [20] revealed that a few treatment
studies on CBT-I for insomnia in MS with promising results have been
published in recent years. These include a retrospective study of 11 MS
patients with insomnia who received CBT-I [21]. In that study, 86 % of
participants experienced a reduction in insomnia symptoms, 50 %
experienced a reduction in depression symptoms, 60 % experienced a
reduction in fatigue, and 73 % reported increased sleep time. A case
study by Majendie et al. [22] showed increased sleep quality, increased
life satisfaction, reduced anxiety and depression symptoms, and com-
plete cessation of sleep medications after treatment with CBT-I. Finally,
a small (n = 33) RCT of Siengsukon et al. [23] showed that CBT-I can
result in reductions in insomnia symptoms, depression symptoms, and
increases in sleep ability confidence, with large effect sizes. However,
the participants who were randomized to the attention control condition
also reported a large improvement in insomnia symptoms. Taken
together, the results from previous studies are positive but must be
interpreted in light of the study’s design, limited sample size, and small
effect sizes compared to controls. There is a need to further evaluate
CBT-I for this patient group and to explore and evaluate potentially more
efficient treatment formats.

Various forms of remote psychological treatments have been devel-
oped over recent years and have become more common, probably
because of a need to improve healthcare reach and the recent pandemic
that put limitations on face-to-face meetings. Although there is extensive
research on internet-based psychotherapy overall [24-26], the knowl-
edge of video-based treatment is very sparse [27]. However, there are
studies showing that it can have an equivalent effect to traditional CBT,
for example in anxiety disorder (Matsumoto et al., 2021). A
meta-analysis by Fernandez et al. (2021) that compared video-based
CBT treatment and traditional CBT treatment for anxiety and depres-
sion showed that the different formats had similar efficacy. For
insomnia, there is currently only one RCT with preliminary results
comparing the efficacy of traditional CBT-I and video-based CBT-I for
insomnia, which found preliminary good efficacy for both modalities
[28] and one small non-randomized study showing large within-group
effect sizes for video-based CBT-I for patients with insomnia and MS
[29]. Larger studies and more methodologically robust research are
therefore warranted in this area.

The aim of the present pilot study was to investigate the potential
effects of video-based cognitive behavioral therapy for insomnia (VCBT-
I) on patients with MS and comorbid insomnia in preparation for a full-
size randomized controlled study. The primary aim was therefore to
investigate the potential effect of treatment on total wake time during
the night (TWT). The secondary aims were to investigate whether there
was a clinically significant change in self-rated severity of insomnia
symptoms, depression symptoms, worry, and fatigue when comparing
pre- and post-measurement as well as a preliminary evaluation of the
treatment format. The third aim was to explore participants’ experiences
of the intervention and the treatment format to suggest improvements
for the subsequent large-scale study.
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2. Material and methods
2.1. Design

To evaluate the VCBT-I treatment format, this pilot study used a
Single Case Experimental Design (SCED) with multiple baselines and
two phases: baseline (phase A) and treatment (phase B). A list of five
possible baseline lengths (7, 9, 12, 14, or 16 days) was created based on
the psychotherapists’ schedules and participants were then randomized
to one of these baseline lengths by an independent person. The treat-
ment phase lasted for 36 days. All baseline measurements began on
March 9, 2022. The study was approved by the Ethical Review Authority
(DNR: 2021-06969-01).

2.2. Procedure and participants

The neurology department at Gavle Hospital, Sweden, identified 150
patients with MS who had visited the clinic in the last six months. Par-
ticipants included in the study had to: a) be medically assessed, b) meet
criteria for MS and insomnia disorder, c) have access to the internet and
a smartphone with internet access, d) have good reading ability, and e)
be over 18 years of age. Participants were excluded if they met any of the
following: a) had a planned treatment that may prevent participation, b)
were involved in ongoing medical research that may prevent partici-
pation, c) did not have a command of the Swedish language, d) had a
more serious acute psychiatric and/or somatic condition which pre-
vented participation; or benefit from the treatment, e) had an increased
risk of suicide to the extent that participation in the study was consid-
ered inappropriate (defined as a score of >2 on item 9 on PHQ-9 and a
clinical assessment based on the information from the telephone
screening), f) suffered from other primary sleep disorders such as sleep
apnea, restless legs syndrome, periodic limb movement disorder,
circadian rhythm disorder, or parasomnia, or g) had insomnia due to
environmental factors such as shift work. The decision on inclusion or
exclusion from the study was made at an assessment conference with the
research team, after which participants were contacted with a decision.

The 150 patients received an information letter about the study by
mail. The letter also contained a QR-code to a webpage where they could
give informed consent to participate. Those who provided informed
consent were then asked to complete additional online forms for pre-
screening instruments and questions that screened for eligibility ac-
cording to the inclusion and exclusion criteria. In more detail, the
following inclusion criteria were used during the online screening
format: (1) being 18 years or older, (2) a score of 10 points or more on
the Insomnia Severity Index [30], (3) access to the internet and a screen
device (e.g., smartphone or computer), and (4) good ability to read and
speak in Swedish. The participants who were deemed eligible after on-
line screening were contacted for a structured telephone screening
interview.

The telephone screening interview took about 30 min and included
demographic questions and structured anamnestic questions regarding
sleep difficulties, including the Duke Structured Interview for Sleep
Disorders [31]. In addition, questions were asked to rule out the possi-
bility that the sleep difficulties were due to environmental circum-
stances, night or shift work (>3 shifts per week), or maladaptive caffeine
intake (>4 cups per day or >2 cups after 6 p.m.). If participants were
taking sleeping medication, the medication should have been stable for
at least 3 months, and if they were taking other drugs with
sleep-disrupting effects, they were excluded. Finally, elevated suicide
risk was assessed and the modules for bipolar disorder, psychotic dis-
order, and substance use disorder in the Mini-International Neuropsy-
chiatric Interview [32] were used to exclude serious psychiatric
problems.

A total of 18 patients took part in the screening interview and of
these eight were excluded. Five were assessed as having another sleep
disorder than insomnia, two did not fulfill the criteria for insomnia and
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one had practical difficulties in attending insomnia treatment at this
time point. In the end, ten patients were recruited for the study and
provided informed consent. All were provided with full information
about the study. In this sample, no one changed the medication type or
dose during the study. All participants were married or co-habitant,
please see Table 1 for further demographic variables and Supplement
A for medical and sleep-related variables. One participant terminated
treatment halfway through the treatment phase and did not provide any
subsequent data and one participant did not complete the follow-up
measurement, but the collected data from these participants are pre-
sented and included in all analyses.

2.3. Measurements

During both baseline and treatment phases, participants completed
online sleep diaries in the morning. Participants received a text message
with a link to these web-based daily measurements at 7 a.m. If partici-
pants did not complete the measurement immediately, they received up
to three automated reminders sent every 30 min until they completed
the measures. All other self-report instruments were administered via a
secure online platform before treatment, after treatment, and at 3-month
follow-up.

2.4. Instruments

Nighttime symptoms were measured with a sleep diary designed
after Carney et al [33] and recommendations concerning a consensus
sleep diary. The diary consisted of six questions that measured total
sleep time (TST), sleep onset latency (SOL), wake after sleep onset
(WASO), and early morning awakening (EMA). All variables are
measured in minutes. The sleep diary is considered to be the gold
standard in terms of subjective measures of sleep [34].

Insomnia symptoms were assessed with the Insomnia Severity Index
(ISI) which measures the severity of insomnia and consists of seven
questions regarding the individual’s experience of insomnia with
response options on a five-point Likert scale from 0 to 4 [35]. The items
assess falling asleep, nocturnal awakenings, early awakenings, dissatis-
faction with sleep, the impact of sleep problems on quality of life,
sleep-related worry/distress, and interference with daily functioning.
The ISI generates a total score of 0-28, with >10 representing the cut-off
point for clinical insomnia. Psychometric evaluation has shown that the
ISI is a valid and reliable measure of changes in sleep disturbance after
treatment [30]. The ISI has been found to have high internal consistency
(Cronbach’s a = .92 [36]; and good test-retest reliability (ICC = .84;
[371.

Depressive symptoms were assessed with the Patient Health Ques-
tionnaire (PHQ-9) which is a self-assessment questionnaire to screen for
depression and current symptom level during the past two weeks [38].
The PHQ-9 consists of nine questions designed according to diagnostic
criteria for major depression in the DSM-5, as well as a question on level
of functioning. Studies have shown good internal consistency (Cron-
bach’s a = .86 - .89), test-retest validity (.84 [38]), and good construct

Table 1

Participant demographics.
D Age Sex Occupation Education
A 26 Female Working University
B 36 Male Working University
C 33 Male Working High school
D 35 Female Working University
E 49 Female Working High school
F 52 Female Working University
G 47 Female Sick leave University
H 41 Female Sick leave High school
I 47 Female Working University
J 47 Female Working University
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validity in relation to the CESD-10 in a clinical psychiatric population
[39]. Questions 1-9 are answered on a four-point scale and generate a
total score of 0-27. It has been suggested that 5-9 points indicate mild
depression, 10-14 points indicate moderate depression, 15-19 points
indicate moderate depression, and >20 points indicate severe depres-
sion [40]. The PHQ-9 has been found to have good validity and is
well-suited in both clinical and research settings. Finally, it has good
statistical validity compared with other accepted self-assessment ques-
tionnaires for depression [41].

Worry was measured with the Generalized Anxiety Disorder (GAD-7)
questionnaire which is a seven-item, self-report anxiety questionnaire
designed to assess feelings of anxiety and worrying [42]. Each item is
scored on a Likert scale between 0 and 3 and totaled for a score of 0-21.
The GAD-7 has shown good psychometric properties and can be used to
screen for general anxiety disorders using a cut-off score of 8 [43].

Fatigue was measured with the Fatigue Severity Scale (FSS) which
consists of nine questions with response options on a seven-point Likert
scale of 1-7 [44]. The total score is divided by the number of questions
to give a mean score between 1 and 7. The higher the score, the more
severe the fatigue. The FSS has been evaluated for people with MS and it
has good test-retest reliability (ICC = .755 [45]; and validity and has
been shown to distinguish fatigue in MS from fatigue in healthy controls
with a cut-off value of >4 points [44].

Quality of life was measured with the Brunnsviken Brief Quality of
Life Scale (BBQ). The BBQ comprises twelve items corresponding to
satisfaction and importance of six life areas (Leisure time, View on life,
Creativity, Learning, Friends and Friendship, and View of self) and
provides a total score between 0 and 96 with a higher score representing
a higher level of quality of life [46].

Treatment satisfaction was measured with the Client Satisfaction
Questionnaire-8 (CSQ-8; [47], which was developed as a brief global
measure of client satisfaction. The CSQ-8 comprises eight items
regarding service satisfaction that are scored on a 4-point Likert scale
and provide a total score between 8 and 32. The CSQ-8 has shown good
psychometric properties in a wide range of services including psycho-
logical treatment [48].

Negative effects of the treatment were assessed with a questionnaire
comprising 12 items regarding common symptoms that may result from
sleep restriction (one of the core interventions in cognitive behavioral
therapy for insomnia), such as fatigue, dizziness, and negative mood
[49]. The respondent is asked to indicate whether they experienced the
symptom and if they perceive that the symptom was a consequence of
the treatment.

The severity of MS was assessed in the screening phase with the MS
check which is a self-assessment questionnaire consisting of 14 questions
concerning fatigue, cognition, mood, vision, speech/communication,
and other bodily functions scored on a scale from 0 to 3 [50]. In the
present study, the MS check was only used for screening for severe MS
symptoms that could prevent participation in the study.

2.5. Intervention

The insomnia treatment was based on a CBT-based manual by Perlis
et al. (2005). The content was slightly reworked by the research team by
shortening treatment from seven to six sessions and allowing for day-
time naps that may be necessary for patients with MS [23]. Due to the
high prevalence of fatigue in people with MS, naps during the day may
be a necessity to cope with everyday tasks. In cases where patients could
not refrain from naps, they were advised to limit them to a maximum of
20 min and to take them as early in the day as possible. An overview of
the treatment content is provided in Fig. 1.

Participants had a weekly video session with their therapist via a
secure video call platform approved by the health care services. Each
session covered the topics described above as well as time for the
participant to ask questions and discuss treatment issues. In between
sessions, patients engaged in homework, such as practicing sleep
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Session Topics
Review sleep diary

Introduce the treatment model

Review sleep diary
Assess progression and adherence

Adjustment of Sleep restriction

Review sleep diary

Assess progress

Adjustment of Sleep restriction
Review sleep diary

Assess progression

Adjustment of Sleep restriction

5 Review sleep diary

Assess progression

Adjustment of Sleep restriction
Review sleep diary

Assess progression

Adjustment of Sleep restriction

Relapse prevention

1 Practitioners introduce themselves

Introduce Sleep restriction and Stimulus control
Set strategy for Sleep restriction and Stimulus control

2 Managing excessive daytime sleepiness

3 Introducing and individualizing Sleep hygiene

Cognitive restructuring of negative beliefs

Follow-up: Cognitive restructuring of negative beliefs

Follow-up: Cognitive restructuring of negative beliefs

Time (minutes)

60

35-40

30

45

30

45

Fig. 1. Session content of the VCBT-I treatment.

restriction, stimulus control, and sleep hygiene. All participants were
provided with written treatment material for each session.

The treatment was provided by three therapists: two licensed psy-
chologists and one master’s student in clinical psychology (the final,
tenth semester of the psychologist’s program). All three had had training
in providing CBT-1, and, throughout the screening, baseline, and treat-
ment process, they received weekly group supervision by the research
team.

2.6. Analyses

Missing data (n = 15, 3 %) in the sleep diaries were imputed by
calculating the means of neighboring data points. Total wake time
(TWT) was calculated by summing the variables SOL, WASO, and EMA
in minutes from the sleep diary. TWT has been used as an outcome
measure in clinical studies of CBT-I because it sums up the three
nighttime, insomnia symptoms into one measure (e.g. Ref. [51]).
Combining the three measures of wake time and thus limiting to one
measure also reduces the number of statistical tests and facilitates the
interpretation of the results.

Differences in TWT between phases were analyzed with Kendall’s
Tau which is a variant of non-overlap analysis that calculates the pro-
portion of data in the intervention phase that does not overlap with data
in the baseline phase [52]. In research using SCED, results are easier to
interpret if the baseline phases are stable [53]. For example, if there is a
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baseline trend in the same direction as that desired by intervention, it
reduces the ability to conclude that a desired effect in the intervention
phase is due to the intervention. One way to statistically control for data
with trend in the baseline is to use the non-parametric test Tau-U which
is a further development of the Tau [52].

For the present paper, analyses were conducted using the web-based
Tau-U Calculator application at http://singlecaseresearch.org [52]. In
accordance with the recommendation of Parker et al. [52], Tau-U was
calculated only when there was a significant (p < .05) trend in the
baseline. In other cases, Tau was calculated [54]. The alpha level was set
atp =.05.

2.7. Remission and clinical significance

There is no validated threshold for what constitutes remission or a
clinically significant change in TWT. However, Edinger et al. [55] have
proposed >30 min reduction in TWT as a threshold for clinically sig-
nificant improvement. Thus, it was decided that >30 min reduction in
TWT between baseline and the intervention phase would be the
threshold for clinically significant change in TWT in the present study.
The pre- and post-measurements of the secondary outcome variables
were not analyzed statistically due to the small sample size. Instead,
whether a participant was reporting symptom levels corresponding to
remission and minimal significant clinical change was assessed for each
participant at post-treatment and follow-up measurement for the ISI, the
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PHQ-9, the GAD-7, and the FSS. Remission cut-off scores were <10 on
the ISI, <5 on the PHQ-9, <8 on the GAD-7, and <5 on the FSS. For the
BBQ, remission cannot be assessed. The threshold for minimal signifi-
cant clinical change was 6 for the ISI [56], 5 for the PHQ-9 [57], 4 for the
GAD-7 [58] and .45 for the FSS [59]. There is no reported threshold
score for minimal significant change for the BBQ, so for this instrument,
the threshold was set to 1 standard deviation, corresponding to 15
points, as reported in the psychometric evaluation of the instrument.

3. Results

The TWT means and standard deviations for each participant and
each phase are presented in Table 2. The trend in the baseline for each
participant was analyzed, and there was a significant positive trend in
the baseline phase for two participants, and, for these, Kendall’s Tau-U
was used for the subsequent analyses. The non-overlap statistics were
then calculated for each participant, and the results showed that six of
the ten participants reported significantly lower levels of TWT in the
treatment phase compared to the baseline phase, and that seven of the
nine participants reported clinically significant change with an
improvement of 30 min or more on TWT. All participants reported at
least some improvement in TWT and no one reported a deterioration in
TWT though one participant (C) reported minimal change in TWT. The
reported TWT for each participant over the study period is presented in
Table 2.

The pre- and post-measurements for each secondary outcome vari-
able were compared, and remission was assessed for each participant,
see Tables 3 and 4. Regarding insomnia symptoms, eight of the ten
participants reported remission according to the ISI, and, the remaining
participant with data (F), reported stable but low scores on the ISI at
both pre- and post-measurement. These improvements remained at
follow-up for all but two participants (B and E). Regarding depressive
symptoms, five of the ten participants reported remission of depressive
symptoms on the PHQ-9, and, of the remaining, two reported substantial
improvements while one participant (B) reported elevated levels of
depressive symptoms at both pre- and post-measurement and one
participant (F) reported stable but low scores at both pre- and post-
measurement. The effects on depressive symptoms were intact at post-
measurement for all participants. In a post-hoc analysis, the PHQ-9
pre- and post-measurement scores were analyzed after removing the
item regarding insomnia (PHQ-9 item 3) but the overall results
remained similar so these results are not reported here.

The participants’ pre-, post-, and follow-up scores on the GAD-7, FSS,
and BBQ are presented in Table 4. Regarding worry, five of the partic-
ipants reported at least moderate levels of worry and two of these re-
ported remission of worry at post-treatment. One participant (F)
reported low levels of worry at pre-treatment but deteriorated to mod-
erate worry at post-treatment. Regarding fatigue, seven of the nine
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Table 3
Participant self-report instruments for pre-, post-, and follow-up measurements.
ID ISI ISI ISI PHQ-9 Pre PHQ-9 Post PHQ-9 FU
Pre Post FU
A 16 4 57 10 3" 7
B 12 8 12 14 16 14
C 13 57 N/A 6 1° N/A
D 14 4° 6 12 5° 5°
E 19 4" 10 17 3 5"
F 9 9 6" 5 5 3°
G 20 N/A N/A 24 N/A N/A
H 14 1 3 6 4 4
I 15 9? 57 12 1° 1°
J 16 5° 6 18 10° 7"

Note. ISI = Insomnia Severity Index, FU = Follow-up, PHQ-9 = Patient Health
Questionnaire-9.

# Remission.

b Minimal clinical significant change.

participants reported elevated levels of fatigue according to the FSS at
pre-treatment. At post-treatment, none of the participants reported
remission from fatigue but one participant (E) reported remission at
follow-up. Regarding quality of life, four of the participants reported
improvement while two reported a deterioration and four reported
minimal change.

3.1. Satisfaction with treatment and unwanted side effects

The mean CSQ-score after treatment was 29.0 with only one
participant scoring lower than 27 points (participant C: 20 points). The
reported negative effects of undergoing the treatment were increased
fatigue (4 participants), increased sleepiness (4 participants), headache
(1 participant), reduced energy (3 participants), loss of appetite (1
participant), and increased irritability (1 participant).

3.2. Summaries of individual treatment experiences

3.2.1. Participant A

The participant worked two days a week when the sleep time needed
to be shifted by 3 h. No increase in TWT was discernible during these or
subsequent nights. From day 26 to day 29 of the study, the participant
was ill and temporarily changed her sleep schedule so that she slept
more during the day and had a temporary increase in TWT. After the
illness period, the participant returned to the treatment sleep schedule
and readjusted without any problems. The participant had no negative
beliefs related to sleep, so very little focus was placed on cognitive
restructuring. After treatment, she had a significant reduction in TWT,
and remission from insomnia and depression.

Table 2

Total wake time (TWT) for each participant.
ID TWT Phase A M (SD) TWT Phase B M (SD) TWT A Tau Z P
A 48 (27.4) 20 (17.49) —28 (58 %) —.64 2.72 .007
B 110 (54.1) 36 (47.7) —74 (67 %)* —.83 4.56 .001
C 80 (94.8) 73 (86.7) -7 (9 %) —.28 1.48 .140
D 145 (83.2) 30 (37.4) —115 (79 %)" —.80° 4.19 .001
E 70 (123.1) 26 (17.5) —44 (63 %)" -.21 1.21 227
F 88 (87.1) 57 (48.7) —31 (35 %)* -.16 .76 446
G 112 (103.1) 55 (23.5) —57 (51 %)* —-.36 1.72 .085
H 42 (30.7) 22 (49.4) —20 (48 %) —.57 2.67 .008
I 84 (40.63) 50 (69.5) —34 (40 %)* —-.59 3.25 .001
J 70 (36.7) 32(26.9) —38 (54 %)" —.61° 2.59 .010

Note.

2 Clinically significant change.
b Tau-U.
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Table 4

Participant self-report instruments for the pre-post and follow-up measurements of secondary outcomes.
ID GAD-7 Pre GAD-7 Post GAD-7 FU FSS FSS Post FSS BBQ Pre BBQ Post BBQ FU

Pre FU

A 3 3 6 5.0 5.4 5.2 76 92° 76
B 11 9 10 6.3 6.0 5.9 36 30 21
C 3 0 N/A 5.3 5.2 N/A 61 81° N/A
D 7 4 4 4.7 3.9° 5.0 56 46 62
E 19 3" 47 6.6 6.2 3.3" 46 64" 81
F 12 7 4.9 5.4 5.0 69 48" 81
G 20 N/A N/A 6.1 N/A N/A 76 N/A N/A
H 11 8 3" 2.9 2.6 2.7 73 66 84
I 12 6 4 2.8 3.4 3.4 60 74 50
J 8 7 10 6.6 6.6 6.7 57 56 56

Note. GAD-7 = Generalized Anxiety Disorder-7, FSS = Fatigue Severity Scale, BBQ= Brunnsviken Brief Quality of Life Scale, FU = Follow-up.

# Remission.
b Minimal significant clinical change.

3.2.2. Participant B

The participant had difficulties filling out the sleep diary in a
consistent manner and reliability is therefore probably low for this
participant. TWT is likely to be erroneously higher in the baseline phase
and during the first three weeks of treatment before this was discovered
by the therapist. The participant did not have any negative beliefs
related to sleep, which is why very little cognitive focus was placed on
cognitive restructuring. At session 4, the participant reported that he
was thinking of discontinuing treatment due to fatigue but after further
information about the treatment plan, the participant decided to
continue with the treatment. In connection with this, the possibility of
taking naps during the day was discussed, which the participant sub-
sequently started. No deterioration in TWT was discerned after this.
After treatment, he had a significant reduction in TWT and remission
from insomnia but stable moderate levels of depression.

3.2.3. Participant C

The participant had difficulties adhering to the agreed sleep
schedule. Therefore, there was no reduction in total sleep time, which is
the intention of sleep restriction. However, there was a reduction in total
bedtime by 2 h during the first week of treatment. However, the
participant found it difficult to completely refrain from napping during
the daytime throughout the treatment. The participant had no negative
beliefs related to sleep, so very little focus was placed on cognitive
restructuring. After treatment, he had no significant reduction in TWT
but remission from insomnia and depression.

3.2.4. Participant D

The participant’s baseline was extended by two days because the first
video session had to be postponed due to technical problems. The
participant worked at night 0-1 times per week when the sleep time
needed to be shifted by 9 h. The participant’s total sleep time decreased
during the following night because she often woke up before the planned
time of awakening. However, this did not affect TWT. After treatment,
she had a significant reduction in TWT and remission from insomnia.
She reported a large improvement in depression but did not reach
remission.

3.2.5. Participant E

At the start of the study, the participant had a stressful life situation
that became increasingly complex over the course of the study. How-
ever, the participant was compliant with the treatment. On study day 39,
the participant became ill and needed to take strong medication that
made her sleep a lot during the day, which, combined with severe dis-
ease symptoms, affected nighttime sleep. The illness lasted for the
remainder of the intervention phase, which means that the results with
the disease period included appearing less favorable than they would if
the disease period was excluded. At the onset of the illness, the partic-
ipant contacted the therapist and wished to discontinue her
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participation in the study. It emerged that this was related to concerns
that the disease and the resulting impaired sleep would negatively affect
the study results. After being informed that this was not the case, the
participant decided to continue participation. After treatment, she had a
clinically, but not statistically, significant reduction in TWT and remis-
sion from insomnia and depression.

3.2.6. Participant F

Participant F had difficulties complying with the sleep restriction.
She was not able to stay awake as long as agreed and therefore the
participant extended her sleep time more than intended, both in terms of
nighttime sleep and afternoon naps. Despite this, there was a direct and
significant increase in sleep efficiency, which is why the sleep time
continued to be titrated upwards. No reduction in total sleep time
occurred in participant F, which is the intention of sleep restriction.
However, there was a reduction in total bedtime by 1 h and 5 min during
the first week of treatment. At session 4 the possibility of taking planned
naps in the afternoon was discussed in order for the participant to
manage her household chores in the evening. No increase in TWT was
discerned after this. On study day 24, the participant was sick and slept
significantly worse than usual. After treatment, she had a clinically, but
not statistically, significant reduction in TWT. Her levels of insomnia
and depression were low to moderate and stable.

3.2.7. Participant G

Participant G chose to discontinue treatment after 17 days. The
participant had difficulty accepting the treatment rationale and making
changes related to the maintenance behaviors of insomnia. The partic-
ipant had multiple rigid cognitions related to the helpfulness of main-
tenance behaviors, and negative cognitions related to sleep. While in
treatment, the participant adhered to planned times for sleep restriction.
However, the participant experienced greatly increased fatigue, which
significantly exacerbated pre-treatment anxiety issues. The participant
said that she would have liked a treatment with a much broader focus,
and with the possibility of seeing a psychologist on several occasions
each week.

3.2.8. Participant H

Participant H had no major difficulties in complying with the treat-
ment. However, the participant found it difficult to estimate sleep time a
few nights, and had difficulty waking up and getting up at the scheduled
time in the morning. After focusing on strategies to make waking up
easier, this was partially remedied. Daytime sleep or rest was scheduled
every day. Most days the participant stuck to the schedule and rested
according to their morning routine. On a few days spread over the
treatment period, the participant slept/rested longer than 20 min and/or
rested in the afternoon. On the days that the participant reported not
resting as planned, there was no noticeable impact on any measure
recorded in the sleep diary. The participant had few negative cognitions
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related to sleep and therefore there was little focus on cognitive
restructuring. During the last week of treatment, the time spent awake in
the morning increased compared to the previous treatment time and
baseline measurement.

3.2.9. Participant I

The participant had no difficulty following the treatment. The
participant adhered to the agreed sleeping times, except for days 22-26,
when sick. The participant worked shifts, which meant that her sleep
schedule had to change every week. When she worked at night, it was
more difficult to get the number of hours of sleep as she was woken up by
her child, neighbors, etc. When trying to sleep. Hence, there were fewer
hours of sleep in some weeks. The participant made sure to get out of bed
when she was woken up so that her waking time in bed was kept to a
minimum. Daytime sleep was scheduled for the participant as
mentioned above. This routine needed to vary from week to week based
on the work schedule.

3.2.10. Participant J

Participant J had difficulty complying with the sleep restriction. She
could not stay awake as long as agreed on and therefore extended her
sleep time on her own more than what was intended. Thus, there was no
reduction in total sleep time for participant G, which is the intention of
sleep restriction. However, there was a reduction in total bedtime by 50
min during the first week of treatment. After four weeks, the participant
contacted the therapist with the desire to discontinue her participation
in the study. It emerged that this was related to concerns that difficulties
in adhering to the sleep schedule would negatively affect the results of
the study. After being informed that this was not the case, the participant
decided to continue her participation. In connection with this, the pos-
sibility of taking planned daytime naps was discussed, and the partici-
pant subsequently began to do so. No deterioration in TWT was
discerned after this.

4. Discussion

The aim of the present study was to investigate the potential effects
of video-based cognitive behavioral therapy for insomnia (VCBT-I) on
patients with MS and comorbid insomnia. Overall, six of the ten par-
ticipants reported statistically significant improvements in total wake
time during the night, seven participants reported clinically significant
improvements in waking time, and eight participants reported insomnia
remission after treatment according to the ISL. Further, all participants
but one reported at least some improvement in either total wake time or
the ISI, which suggests that the treatment had a general positive effect
on insomnia symptoms in this group.

The improvement in TWT found in this study is in line with previous
studies; CBT-I has had a good effect on sleep disturbance in insomnia (e.
g., Ref. [14,17]) and preliminary promising efficacy in studies on
insomnia in MS [21-23]. While the systematic review by Turkowitch
et al. [20] did not include a meta-analysis, CBT-I stand out as a consis-
tently effective treatment for insomnia and in the only RCT to date [23,
60], CBT-I resulted in large treatment effect sizes. A substantial treat-
ment effect has also been shown in CBT-I via video calls [28] and in the
pilot study by Turkowitch et al. [29], VCBT-I resulted in a mean
improvement of about 10 points on the ISI, i.e. similar to the results of
the present study, which also corresponds to a large effect size. The
promising effect regarding the severity of insomnia symptoms, as
measured by the IS, is in line with extensive previous research using the
ISI as an outcome variable in studies of CBT-I, as the ISI is suitable for
detecting changes in insomnia symptoms in clinical contexts [35]. While
previous studies commonly assess several sleep variables such as sleep
onset latency and early morning awakenings, the composite variable
TWT used in this study seems to follow the results of previous research
very closely. Also, six of the participants remained in remission from
insomnia three months after treatment while two participants relapsed
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to some degree and data was missing from the remaining two
participants.

For symptoms of depression, as measured by the PHQ-9, five par-
ticipants reported remission from depressive symptoms after treatment
and two additional participants reported at least minimal significant
clinical change. These results are in line with previous studies, both in
treatment with CBT-I for patients with insomnia without MS [61] and
with MS [21,23,29]. However, it is noteworthy that there is an overlap
of items between the PHQ-9 and the ISI regarding sleep problems.
Improved sleep problems can generate up to a three-point reduction on
the PHQ-9, which is not necessarily indicative of reduced depressive
symptoms but reduced insomnia symptoms. However, our post hoc
analyses indicated there were also positive effects on other depressive
symptoms than insomnia. Regarding worry, two of the participants re-
ported remission from worry after treatment according to the GAD-7 and
an additional participant reported remission at three months follow up,
a result that has also been seen in previous studies [62]. It is worth
noting that levels of worry were low to moderate before treatment and
was not expected to improve more than marginally from the treatment.
For fatigue, as measured by the FSS, one participant reported at least
minimal clinical improvement while two participants reported at least
minimal clinical deterioration after treatment. This was surprising since
a reduction of fatigue after CBT-I for MS has been shown in the studies
by Siengsukon et al. [23], Clancy et al. [21] and Turkowitch [29], but
not in this study. Although previous trials exploring the efficacy of CBT-I
in MS have demonstrated substantial reductions in reducing fatigue, it is
important to emphasize that several individuals in the studies endorsed
a clinical level of fatigue following CBT-I (e.g. Ref. [21]). One expla-
nation could be that several participants were still in the process of
titrating sleep time when the treatment ended. The treatment protocol
used in this study emphasized sleep restriction and it is possible that the
symptoms of fatigue do not improve until the participants have reached
their optimal sleep time, but this is speculative [49]. It should also be
added that fatigue reductions following CBT-I among individuals
without MS are, in general, limited in magnitude. The only
meta-analysis so far investigating reductions in fatigue following CBT-I
shows that the effects were small (d = .33-.41) [63]. In line with these
results, the most common negative side effects of the treatment were
increased fatigue and tiredness. These negative side effects are not
surprising based on previous research showing that sleep restriction
results in acute adverse effects for a large majority of patients. Of most
relevance is that one trial showed that 100 % reported fatigue/exhaus-
tion and 94 % extreme sleepiness during the administration of sleep
restriction [49]. At the same time, eight of the ten participants reported
substantial improvement in insomnia symptoms on the ISI. Whether the
improved sleep could also result in improved fatigue over time was
unfortunately not followed up in this study. Regarding quality of life,
three participants reported at least minimal significant improvements
while one participant reported a significant deterioration.

The present study shows that video-based CBT-I is a treatment that
can provide a preliminarily good effect on insomnia symptoms and that
is well tolerated, as evidenced by the low dropout rate and high scores of
treatment satisfaction. Treatment attrition has not been consistently
reported in previous clinical studies of CBT-I [64,65] but in the present
study, only one participant terminated the treatment. The participants
who expressed interest in taking part in the study were likely to have
mild to moderate MS as measured by the MS check. Few MS-specific
adjustments needed to be made in the treatment. The only one that
became relevant was to allow daytime naps to a greater extent than in
usual CBT-I. The majority of participants took daytime naps during some
part of the treatment, and still showed good results in terms of TWT.

Knowledge about the importance of the respective components of
CBT-], such as stimulus control and cognitive restructuring, is limited
[66]. In the present study, three of the participants had initial difficulties
with adherence to the sleep schedule but nevertheless improved in terms
of sleep efficiency, so there was no reduction in total sleep time for these
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participants. In addition, three of the participants had no current
negative beliefs related to sleep, making them very unlikely to benefit
from cognitive restructuring. It is therefore questionable whether the
participants can be said to have undergone the whole VCBT-I treatment
package but nevertheless, all participants have improved in their
insomnia.

5. Limitations

A problem with the assessment of clinically significant change in
TWT is the absolute value of >30 min reduction from baseline to the
treatment phase. For some participants, such as participants A and H,
who already had relatively low TWT, there was not as much room for
improvement as for participants with higher TWT during baseline.
Reasonably, there is a large difference in the degree of clinical
improvement for, for example, Participant A (28 min) and Participant B
(74 min) which the threshold of >30 min does not capture. Interestingly,
both these participants’ relative improvement was similar (58 % and 67
% respectively). An alternative that would have been more sensitive to
individual baselines would have been to use a criterion of a 50 %
reduction between baseline and treatment phases. A related difficulty
with the measurement of TWT is that some participants, notably par-
ticipants C, E, and F, had very high levels of variance in their baseline
phases which affected the results and the statistical analyses.

The generalizability of results from studies using SCED is typically
lower than for randomized controlled trials. However, the present study
has taken some measures to increase generalizability according to the
four criteria of the accepted guidelines for SCED studies compiled by the
What Works Clearinghouse [67]. First, the timing of the start of the
intervention, i.e., the manipulation of the independent variable, was
determined by the researchers. Second, the study included at least three
attempts at demonstrating an intervention effect, in this case by
including ten participants. Third, each phase included at least three
measurement points. Although this study had at least seven data points
in the baseline phase, a longer baseline would have further reduced the
vulnerability to extreme values, variability, and trends. For example, in
other SCED studies on insomnia, there has been a 21- to 49-day-long
baseline, as high variability in TWT is to be expected in insomnia [68,
69]. Fourth, and on the negative side, data was not collected from more
than one assessor, as the study relied solely on the participants’
self-reporting of TWT. Future studies may, for example, use actigraph
data collection or similar methods to validate the results. Also, it is a
shortcoming of the present study that insomnia diagnostic criteria were
assessed during the screening procedure but no clinical interview was
conducted after the treatment to determine if participants still met the
criteria. With regard to generalizability, it should also be clarified that
the study’s results cannot be generalized to an MS population as a whole,
since the participants in the present study probably had mild to mod-
erate symptoms of MS. A further limitation to the generalizability is the
small proportion of men included in this study. Previous similar studies
(e.g. Ref. [23]) have shown a similar sex pattern among participants,
and the reasons behind this skewed distribution need to be explored in
future studies. However, it is important to note that all but one partic-
ipant in this study reported improvement on either TWT or the ISI which
suggests that there is a potential effect of CBT-I in the study population,
though larger studies are needed to confirm this finding.

6. Conclusions

This study provides further support that CBT-I can be an effective
and acceptable treatment for patients with MS and insomnia. This study
was a pilot study and several lessons for the future were learned. For
example, research on MS and insomnia with multiple baseline single-
case experimental designs should apply longer baseline phases to
generate higher stability and thus higher statistical reliability. Also, one
should use clinical interviews to evaluate the treatment effect and not
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only in the screening procedure as in the present study. These conclu-
sions should also be considered in future RCTs for investigating the ef-
fects of CBT-I for MS patients. Finally, the conclusion from this study is
that video-based CBT-I can be effective for treating patients with MS and
insomnia, but there is a need for a better understanding of the effective
change mechanisms in CBT-I, both for individuals with and without MS,
and how these vary between individuals and contexts [66]. Future
research should also investigate how patients with severe levels of MS
and insomnia respond to VCBT-L.
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