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Background: Insomnia is prevalent among patients receiving treatment for long-term musculoskeletal complaints in inpatient
rehabilitation settings. Cognitive-behavioral therapy for insomnia (CBT-I) is effective for improving sleep quality in patients with
pain, but a lack of therapists often limits the capacity to use this therapy in rehabilitation programs. The aim of this randomized clinical
trial (RCT) is to evaluate the effectiveness of app-delivered CBT-I adjunct to inpatient multimodal rehabilitation for individuals with
comorbid musculoskeletal complaints and insomnia, compared with rehabilitation (usual care) only.

Methods: This RCT has two parallel arms: 1) inpatient multimodal rehabilitation and 2) app-delivered CBT-I adjunct to inpatient
multimodal rehabilitation. Patients referred to Unicare Helsefort (Norway) with long-term chronic musculoskeletal complaints are invited
to the study. Eligible and consenting participants will be randomized to the intervention and usual care at a ratio of 2:1. Assessments will be
carried out at baseline (prior to randomization), 6 weeks (at the end of rehabilitation), 3 months (primary outcome), as well as 6 and 12
months after the rehabilitation. The primary outcome is insomnia severity measured at 3 months. Secondary outcomes include pain intensity,
health-related quality of life, fatigue, physical function, work ability, expectations about sick leave length, sick leave, and prescribed
medication. Exploratory analyses are planned to identify moderators and mediators of the effect of the app-delivered intervention.
Discussion: This RCT will provide novel knowledge about the effectiveness of app-delivered CBT-1 as an adjunct to usual care
among patients participating in inpatient multimodal pain rehabilitation. Regardless of the results from this trial, the results will
improve our understanding of the utility of dCBT-I in the field of rehabilitation and the importance of adding sleep therapy to this
patient group.

Trial Registration: This trial was prospectively registered in ClinicalTrials.gov October 10, 2022 (ClinicalTrials.gov identifier:
NCTO05572697).
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Background

Chronic musculoskeletal pain is among the highest rated causes of years lived with disability and reduced health
worldwide.! Among patients with chronic musculoskeletal pain, as many as 50% may suffer from insomnia.**
A growing body of evidence from different settings and methodological approaches indicates that insomnia and insufficient

sleep duration can lead to a greater risk and poorer prognosis for chronic musculoskeletal pain conditions.” ™ Insomnia and
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chronic musculoskeletal pain have therefore become increasingly recognised as co-occurring conditions that often perpe-
tuate and exacerbate each other.'*"?

Cognitive-behavioural therapy for insomnia (CBT-I) is recommended as the first-line treatment for insomnia due to its
long-term effectiveness.'* CBT-I usually consists of sleep hygiene, stimulus control, sleep restriction, cognitive therapy,
and relaxation training.'* An increasing number of randomized controlled trials (RCTs) have shown that CBT-I for
patients with comorbid chronic pain and insomnia is effective in reducing sleep problems,'> but with inconsistent
findings for pain outcomes.'> CBT-I may also have a beneficial effect on depression, anxiety, and quality of life.'¢'®
Considering the interplay between insomnia, mental distress, and quality of life,'* ' high-quality sleep therapy for
patients with chronic pain could potentially reduce symptoms that hamper the pain prognosis. Although inpatient

2223 (eg, physical exercise,”* sleep

rehabilitation programs incorporate principles known to be helpful for sleep quality
education and fixed schedules),"* constraints in resources and access to trained therapists means that high-quality
individual CBT-I is rarely offered in these programs.”” Therefore, it remains uncertain whether CBT-I for patients
referred to rehabilitation programs helps improve insomnia, pain intensity, physical function, and quality of life.

To increase the availability of CBT-I, self-guided, fully automated digital versions of CBT-I (dCBT-I) have been
developed.”®® An advantage of dCBT-I is that it can be an add-on to usual care and thus be more cost-efficient. dCBT-I
has been evaluated in patients with insomnia,”®® but few studies have assessed the effectiveness of dCBT-I among
patients with comorbid insomnia and chronic pain.**** Some evidence indicates that dCBT-I is beneficial for this group,
but previous studies comprised small samples in community or primary care settings.”>*® Thus, there is a lack of
sufficiently powered trials examining whether app-delivered CBT-I should be recommended as an add-on to rehabilita-
tion programs for patients with comorbid musculoskeletal pain and insomnia.

This protocol outlines a two-arm, parallel group RCT that will examine the additional benefits of app-delivered CBT-I
for patients with comorbid musculoskeletal complaints and insomnia in inpatient rehabilitation compared with usual
inpatient rehabilitation. The primary aim of this trial is to evaluate the effectiveness of app-delivered CBT-I on insomnia
severity. The secondary aim is to evaluate the effectiveness of the intervention on pain intensity, health-related quality of
life, sick leave, and prescribed sleep medication.

Methods
The protocol for the RCT follows the SPIRIT guidelines (Standard Protocol Item for Randomized Trials).>' Figure 1
shows the flow chart for the recruitment and assessments. We have uploaded a completed SPIRIT checklist.

Trial Design

This study is designed as a cluster-randomized clinical trial with two parallel groups. The trial is registered at
ClinicalTrials.gov (NCT05572697). Results will be reported according to the CONSORT statement.*> The primary
outcome will be insomnia severity measured by the Insomnia Severity Index (ISI)*®> measured at 3 months after the
baseline assessment. This timepoint was chosen to allow sufficient time to complete the digital intervention and to
implement the key components of CBT-I. Secondary outcomes include pain intensity, fatigue, physical function, work-
ability and health-related quality of life at 3 months, as well as assessment of all outcomes at 6 and 12 months after the
rehabilitation to evaluate long-term gains associated with the intervention. Registry data will be used to assess the use of
sleep and pain medications and sick leave during 12 months of follow-up. In addition, exploratory analyses will be
carried out to identify patient and characteristics influencing the effect of the dCBT-I intervention on insomnia severity,
pain intensity and quality of life.

Study Population

Potential participants are patients taking part in rehabilitation at Unicare Helsefort due to long-term musculoskeletal pain
complaints. The program is group-based, and the patients are placed in groups of ~10 patients. Referrals to the rehabilitation
center are done by the patients’ general practitioner or by specialist healthcare providers, mainly the pain clinic at St. Olav’s
Hospital. All referrals are considered at a regional assessment unit where patients are evaluated against criteria for
rehabilitation in specialist health care. Only adults are accepted for the rehabilitation program. There is no upper age
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Recruitment from Inclusion criteria
rehabilitation center Age: >18
1 Participating in 4-week inpatient rehabilitation
Report insomnia (ISI > 12)

Eligibility screen and

baseline assessment Exclusion criteria

Not having smartphone/tablet

Night shift during the time of the rehabilitation
Pregnancy

Currently receiving treatment for insomnia
Epilepsy. recent cardiac surgery, an attack
phase of multiple sclerosis, or serious

Information and consent

Randomization psychological disorders (e.g.. bipolar disorder).
Control group Intervention group
(usual care) (app-delivered CBT-I + usual care)

| |

6-week post-test (at the end of rehabilitation)

3-month follow-up (primary outcome)

6 months after rehabilitation

12 months after rehabilitation

Figure | Participants’ flow chart.
Abbreviations: ISl, Insomnia Severity Index; CBT-I, cognitive behavioural therapy for insomnia.

limit, but most patients are of working age. The rehabilitation program lasts 4 weeks, usually 2+2 weeks with 2 weeks at
home in between. For some groups, the program lasts continuously for 4 weeks, but this is an exception when necessary to
run the center. Inclusion criteria for the current study are age >18 years, taking part in 4-week inpatient rehabilitation due to
long-term musculoskeletal complaints, and Insomnia Severity Index (ISI) score >12. Exclusion criteria are: not having
a smartphone or tablet, a work schedule that includes night shifts during the time of the intervention, pregnancy, inadequate
opportunity to sleep or living circumstances that prevent modification of sleep patterns such as having an infant, currently
receiving psychological treatment for insomnia, or medical history of contraindicating use of CBT-I such as epilepsy, recent

cardiac surgery, an attack phase of multiple sclerosis, or serious psychological disorders (eg, bipolar disorder).

Interventions

Usual Care

Participants randomized to usual care will receive the standard inpatient rehabilitation program. This is a traditional
rehabilitation program consisting of physical activity, mindfulness exercises, psychoeducation and acceptance and
commitment therapy.”* Even though the program is group-based, all patients have an assigned clinician for one-to-one
consultations for goal setting and creation of a rehabilitation plan. One of the consultations includes an educational
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session about sleep, focusing on the importance of sleep and sleep hygiene. Although its content overlaps with some of
the dCBT-I intervention content, it does not include any of the interactive features of the dCBT-I intervention.

App-Delivered CBT-I

In addition to the standard rehabilitation program, participants randomized to dCBT-I will receive the sleep intervention
delivered via a smartphone app. In short, the trial will use a Norwegian dCBT-I program “Assisted Self-Help”. The app is
fully automated and requires no contact with healthcare personnel. It can also be assessed on computers, but in the
present project participants will use the app version only. The self-managing dCBT-I program includes six modules
(Table 1) consisting of sleep hygiene, stimulus control (pairing the bed with sleep), introduction to sleep restriction
(reducing time in bed to increase sleep pressure), cognitive interventions (challenging dysfunctional thoughts about sleep
loss), and relaxation training. The modules also consist of learning material, such as quizzes and educational information
about sleep. Patients will be instructed to use the app during the 6 initial weeks of the inpatient rehabilitation. They can
go through the app at their own pace but are recommended to complete one module a week. Prior to the module on sleep
restriction, patients fill out a sleep diary for minimum 7 days. Patients will also receive tasks in the modules (eg, write
sleep diary, try sleep restriction, and change lifestyle behavior) that facilitate self-management and focus on an active role
in reducing insomnia. During rehabilitation, the patients’ assigned clinician will secure compliance with the intervention

and clarify questions the patients might have.

Recruitment and Randomization

Inclusion of patients started in October 2022. Patients will fill out questionnaires when arriving at the center (part of usual
care). Patients who score >12 on Insomnia Severity Index (ISI) will be informed about the project by their assigned clinician
and receive written information about the project. Before consenting, patients will also attend an information meeting with the
researchers. Patients who consent will then be randomized to receiving usual care + dCBT-I or usual care only.

The randomization will be at group level to avoid contamination between members of the same rehabilitation group
and will be performed after all eligible group members have consented to participation. Each group will be randomised
using a computer-generated block randomisation provided by the Clinical Research Unit (Klinforsk) at the Faculty of
Medicine and Health Sciences at the Norwegian University of Science and Technology. The research team will not be
able to influence the randomization process in any way. Blinding is impossible as the participants will know whether they
receive dCBT-1. Moreover, the patients’ assigned clinician will know whether the patient receive dCBT-I or not during
the rehabilitation.

Table | Description of App-Delivered Cognitive-Behavioral Therapy for Insomnia (CBT-I) Sessions During the Intervention Period

Modules Description of Session

I: Introduction Short introduction to sleep problems, consequences and risk factors, the recommended sleep

therapy, and the use of sleep diary.

2: Overview sleep Reviews the sleep stages, the nature of insomnia, other sleep disorders, and myths about sleep.
3: Sleep restriction Focuses on sleep restriction (ie, how, planning, and tips)
4: Sleep hygiene and stimulus control Teaches about lifestyle and environmental factors that might interfere with sleep, and how

behavioural changes can improve sleep (emphasis on stimulus control and relaxation training).

5: Worrying and Rumination Focuses on addressing and changing beliefs and thoughts that might impair sleep (eg, excessive
worrying about the possible consequences of insomnia)

6: Relapse prevention Focuses on integrating the behavioural, educational, and cognitive components from the former
modules to develop strategies to avoid future episodes of insomnia.

Notes: Module -5 include a final quiz integrating the components from each module. Each module must be completed before the patient can proceed.
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Assessments

Data consist of questionnaires and registry data. Questionnaire data are obtained at 5 different time points: at baseline
(prior to randomization); 6 weeks (at the end of rehabilitation); 3 months (primary outcome measurement); and 6 and 12
months after rehabilitation (ie, 7.5 and 13.5 months after randomization). Self-reported measurements will be delivered
by CheckWare — a survey tool developed to track patients in clinical settings and research. Participants will receive a link
to the questionnaires by SMS and can answer using a smartphone, tablet, or computer. Table 2 summarizes the timing of
all assessments. Participants will receive 3 reminders prompting them to complete the questionnaire at each time point if
they do not respond. Registry-based data will be obtained at 12 months from national registries and contain data for the

Table 2 The Schedule of Enrolment, Interventions, and Assessments

Study Period

Enrolment | Allocation Post-Allocation

TIMEPOINT - 0 End of 3 6 12
Rehabilitation | Months | Months | Months

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Usual care

L 4
L 2

Usual care+dCBT-I

»
L 4

ASSESSMENTS:

Baseline X
Age

Sex

Education

Work status

Anxiety and depression
Physical activity

Primary outcome X X X X X

Insomnia severity index (ISI)

Secondary outcomes

Pain intensity X X X X X
Fatigue X X X X X
Sleep diary (Usual care + dCBT-I only) X X
Health-related quality of life (EQ-5D) X X X X X
Work ability X X X X X
Expectations length of sick leave
Physical function X X X X X
Registry data Sickness absence and disability pension Sleep X
and pain medication

Abbreviation: dCBT-|, digital cognitive behavioral therapy for insomnia.
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whole follow-up period. All data storage and analysis will be conducted according to regulations by the Norwegian
University of Science and Technology and follow the General Data Protection Regulation. Data will not be disclosed to
researchers outside the project or transferred to countries outside the European Economic Area.

Demography

As shown in Table 2, key demographic information will be assessed at baseline. The demographic questionnaire includes
questions on sex, age, number of children, living situation (live alone or with someone), education level (primary school, high
school, college university up to and above 4 years), work status (full time, part time, disability or retirement pension), employment
fraction (percent), type of work (mostly sedentary, walking, lifting or physical demanding), whether they enjoy their work
(measured on a 0—10 scale; 10 very happy) and whether they are currently receiving medical benefits (yes/no).

Sleep Measures

Primary outcome will be the ISL. ISI is the recommended outcome measure in sleep research®® and the gold standard self-
report measure of insomnia severity in clinical practice, consisting of seven items assessing symptoms of insomnia such
as difficulty falling or staying asleep, satisfaction with sleep, and degree of impairment with daytime functioning. The
total score of ISI ranges from 0 to 28: 0 to 7 (no clinical insomnia), 8 to 14 (sub-threshold insomnia), 15 to 21 (insomnia
of moderate severity), and 22 to 28 (severe insomnia). ISI has been validated and has proven sensitive to therapeutic
changes.” Patients will also be asked to digitally provide daily subjective estimates of their sleep, daily function, and
pain intensity for minimum 7 consecutive days.

Measures of Somatic Symptoms and Health
Secondary outcomes will include pain scored on 0 to 100 scale (visual analogue scale), fatigue, and health-related quality
of life. Fatigue in the last week will be measured using a visual analogue scale from 0 to 100. The EuroQol EQ5D-5L
questionnaire® will be used to assess health-related quality of life. The questionnaire consists of five items assessing
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Items are scored on a 5-point scale,
following the format “no problems”, “slight problems”, “moderate problems”, “severe problems”, and “unable to”
“extreme problems” for all items. The index value range ranges from —0.285 to 1, where lower values indicate poorer
health-related quality of life.

Physical function will be measured by the Patient-Specific Functional Scale where participants are asked to identify
important activities that they are unable to perform due to their pain and then to rate the current level of difficulty on

a scale from 0 to 10.3°

Work ability will be measured by the work ability index single item (self-assessed work ability on
a 010 scale)’’ and expectations about length of sick leave with the item “What are the chances that you are back at work
in 6 months?” on a 0-10 scale.

At baseline, we will also measure symptoms of anxiety and depression using the Hopkins Symptom Checklist-25
(HSCL-25)*® and physical activity by a questionnaire adapted from the Trondelag Health Study (HUNT Study)***°

which consists of three questions about frequency, duration and intensity of physical activity per week.*’

Registry Data

Data will be obtained from the Norwegian Prescription Database and the National Insurance Administration (NAV).
From the prescription registry, we will obtain data on use of sleep and pain medications and assess the proportion of
participants that obtain prescriptions of these medications during 12 months of follow-up. From NAV, we will obtain data
on use of medical benefits like sickness absence, work assessment allowance and disability pensions. Sick leave
outcomes will include both total number of days on sick leave during 12 months and the probability of being at work
each month during the same period.

Statistical Analytical Plan

Descriptive statistics will be stratified by group allocation. Categorical and binary variables will be presented as counts
and percentages, continuous variables will be presented as means and standard deviations (SD) or medians and
interquartile range (IQR), as appropriate. A statistical analysis plan will be published prior to conducting the analyses.
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Effect analyses of primary and secondary outcomes will be performed with an intention-to-treat (ITT) principle. The
primary ITT analysis will estimate mean differences with 95% CI in ISI between the two groups at 3-month follow-up
using a linear mixed model. We plan to use linear mixed model analysis to examine the change between baseline and
postintervention on the primary and secondary outcome with continuous variables (ie, insomnia severity, health-related
quality of life, pain intensity, fatigue, work ability and physical function). The model will include time, time—group
interaction and baseline covariates.’ We do not anticipate strong cluster-level effects; however, we will conduct
a sensitivity analysis including rehabilitation group in the mixed linear model with follow-up timepoints as level 1,
participants as level 2, and rehabilitation group as level 3. For binary secondary outcomes (eg, clinically relevant change
in ISI), logistic mixed model analysis will be used.

The main analyses will focus on the ITT analyses, but per-protocol analyses will be reported for individuals who
complete >4 dCBT-I modules. Since we do not expect any adverse effects of the dCBT and because the patients receive
medical supervision during the 4-week rehabilitation, we do not plan interim analyses.

We plan to conduct exploratory analyses identifying whether changes in pain intensity and fatigue mediate the effect of dCBT-
I on insomnia severity. Likewise, we will identify whether changes in insomnia symptoms and fatigue mediate the effect on pain
severity. We will follow the international, consensus-based guidance for the reporting of mediation analyses of randomized
trials.** Moreover, we will explore whether demographics (eg, age, sex), symptoms of anxiety and depression, pain intensity, and
level of physical activity at baseline moderate the effect of dCBT-I on primary and secondary outcomes.

Sample Size

We anticipate that around five of 10 patients will have insomnia within each rehabilitation group and that the average ISI-score for
participants completing usual treatment will be 15 (SD = 4). A 4-point improvement on the ISI score is considered clinically
relevant. In order to maximize the number of participants receiving the additional treatment (dCBT-I), we will randomize the
participants to the intervention and usual care at a ratio of 2:1. Recruiting 15 clusters with 2:1 randomization will achieve 80%
power to detect a 4-point difference between the intervention and usual treatment group, with a conservative assumption that the
intraclass correlation is 0.2 and the coefficient of variation in cluster size up to 0.7, and with a significance level of 5%. This would
mean that around 150 participants will be screened to give an expected sample size of 75 (50 in dCBT-I + usual care and 25 in
usual care). We expect a dropout rate of approximately 20% and that around 50% of the participants in the intervention group will
complete at least four of the dCBT-I modules. Given that the per-protocol analysis is of particular interest in this study, we aim to
recruit 21 clusters to account for the fact that we expect an average of four participants per cluster in the control group to complete
the follow-up, and an average of two participants in the intervention group to complete at least four of the modules and attend the
follow-up.

Dissemination, and Auditing

For the scientific community, results will be presented in international peer-reviewed publications and at national and
international conferences. Clinicians at the rehabilitation center will be informed about the results through internal
educational sessions. Results will be disseminated regardless of the magnitude or direction of the effect of the dCBT-1.
Efforts will also be placed to disseminate the findings to patient representatives and the public, to guide further
implementation if the intervention is shown to be effective. For the public, we will publish results in blogs and social
media (eg, Twitter, Facebook). We will not use any of the data or results for commercial purposes. The investigators will
adhere to international guidelines regarding authorships of manuscripts.

Trial conduct will be audited in line with NTNU’s guidelines, involving the possibility of an internal quality-assuring
control where project information, data management systems, formal approvals, protocol amendments, etc. may be
audited. Moreover, clinicians at the rehabilitation center will follow the data collection closely and provide support to any
participants experiencing issues with the data collection.

Discussion
The utility of app-delivered CBT-I in chronic pain patients and its impact on insomnia severity, pain intensity, fatigue,
physical function, health-related quality of life, sick leave, and prescribed medication is not fully understood. This article
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outlines the protocol for the first study to examine whether adding dCBT-I adjunct to inpatient multimodal rehabilitation
confers benefits over usual care in a rehabilitation setting with chronic pain patients. Regardless of the results from this
trial, the results will improve our understanding of the utility of dCBT-I in the field of rehabilitation and the importance
of adding sleep therapy to this patient group.

Strengths and Limitations of This Study

The strengths of the trial include adequate power to detect changes in the primary outcome; high recruitment rate due to
the availability of patients referred from the patients’ general practitioner or by specialist healthcare providers; close
collaboration with physiotherapists, medical doctors, social workers, and nurses throughout the intervention period; and
the inpatient setting where the patients’ assigned clinician secures compliance with the intervention. Moreover, we expect
high response-rate since completion of web-based questionnaires is already part of the rehabilitation program, and
because patients referred to the rehabilitation typically have high treatment adherence during the 4-week inpatient
program. However, it should be noted that the effect of the therapy is limited to patients who have a smartphone and
adequate digital literacy skills to engage with the intervention. Moreover, previous studies show that many patients

26,2843 and it is therefore uncertain

allocated to the digital intervention do not complete the core elements of the treatment,
whether this group of patients will complete all dCBT-1 modules. Finally, the study will include patients referred to the
rehabilitation center by general practitioners or by specialist healthcare providers and they must be willing to leave their
home for 4 weeks. The included patient group might therefore be complex in terms of pain severity, insomnia severity,
mental distress, and physical function. This may limit the generalizability of results to a selected group of patients with
long-term pain conditions who fulfill the inclusion criteria to be referred to extensive inpatient rehabilitation programs.

If our results show benefits of adding dCBT-I to usual inpatient care, our trial will inform clinical guidelines and
potentially influence the treatment of patients with chronic musculoskeletal pain who also report insomnia. Moreover, our
trial will also explore whether patient characteristics influence the therapeutic response of dCBT-1, knowledge that can
help to better tailor the therapy to people with different degrees of insomnia, pain intensity, and anxiety and depression. If
dCBT-I is found to be efficacious, our results will provide a novel approach that health professionals can incorporate into
their treatment program and thus optimize outcomes for patients in inpatient rehabilitation.

Abbreviations

CBT-I, Cognitive-behavioral therapy for insomnia; CI, Confidence interval; dCBT-I, Digital cognitive-behavioral therapy
for insomnia; HSCL-25, Hopkins Symptom Checklist-25; ISI, Insomnia Severity Index; ITT, intention-to-treat; NAV,
National Insurance Administration; NTNU, Norwegian University of Science and Technology; RCT, Randomized
controlled trial; SD, Standard deviation.

Data Monitoring

On a monthly basis, the principal investigator, the leader of referrals and quality at Unicare Helsefort, and members of
the research team will review the recruitment, enrolment, data collection, conduct of the intervention, and completion of
the trial. If needed, this team will discuss appropriate actions to any inconsistencies or unexpected events.

Data Sharing Statement

Patient-level data will not be made publicly available, but anonymized patient-level data can be made available to
interested investigators upon submitting a reasonable research request. Statistical codes will be added to supplementary
analyses when publishing results from the trial.

Ethics Approval and Consent to Participate

All procedures performed in studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. This trial is approved by the Regional Committee for Medical and Health Research Ethics
in Central Norway (reference number 496297). All participants will be informed about the study and sign a consent
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before study entry. They will be informed that they can withdraw from the study at any time without any consequences
for their future rehabilitation. Participants receiving the intervention might experience being more tired during the day in
the beginning of the intervention. However, as they are taking part in inpatient rehabilitation, there are clinicians who can
answer questions. In addition, participants can contact the researchers with any questions about the project. Any
amendment to the protocol that might impact the conduct of the trial will be submitted for approval to the ethical
committee prior to implementation and the clinical trial registry (ClinicalTrials.gov) will be updated.
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