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1. Introduction

This statistical analysis plan (SAP) should be read in conjunction with the study protocol entitled
“Group-delivered cognitive behavioural therapy versus waiting list in the treatment of insomnia in

III

primary care: study protocol for a pragmatic, multicentre randomized controlled trial” published in
BMC Primary Care (Hrozanova et al., 2023). The information available here provides a more detailed
description of the “Statistical analysis plan” section. The study was approved by the regional

Committee for Medical Research Ethics- Mid Norway on the 13 of May 2022 (ID 465241).

The structure of this SAP follows the guidelines by Gamble et al. (2017) and the checklist available
from http://Ictc.org.uk/SAP-Statement. All analyses will be reported according to CONSORT statement

for standardization and reproducibility of randomized controlled trials (RCT) (Cuschieri, 2019).

1.1. Purpose and scope of the statistical plan

This document details the proposed analysis of the main outcomes from the trial entitled
“Group-delivered cognitive behavioural therapy versus waiting list in the treatment of insomnia in
primary care”. Any deviations from the analyses outlined in this SAP will be described and justified in
all papers from the project, including the inclusion of any analyses suggested by journal editors and
referees. Modifications will be carefully considered and, as much as possible, will follow the broad
principles outlined here.

First and foremost, this SAP describes the analysis of the primary and secondary outcomes. Statistical
principles for the planned moderating and mediating analyses are also described. Analyses of
subsequent sub-studies (e.g., mixed-method process evaluation, see Hrozanova et al. (2023)) are
expected to follow the broad principles of this SAP but are not described in detail here.

The details presented in this SAP will not prohibit accepted practices, such as data transformation prior
to analysis. When possible, such data management and modelling decisions will be undertaken prior
to revealing the treatment allocation. The final analysis strategy will be available on request when the
principal papers are submitted.

1.2. Background and rationale

Insomnia is the most common sleep disorder in the general population and in clinical practice
(Winkelman, 2015). Cognitive behavioural therapy for insomnia (CBT-I) is considered most effective for
long-term alleviation of chronic insomnia (Qaseem et al., 2016; Riemann et al., 2017; Rios et al., 2019),
but administration of CBT-1 is limited by a lack of trained therapists and long waiting lists (Grandner &
Chakravorty, 2017). To increase the availability of CBT-1, a group-delivered treatment based on the core
CBT-I principles was developed by the Norwegian Health Directorate. The treatment has been
implemented in several municipalities in Norway, but its effectiveness has never been evaluated.
Likewise, factors that may influence the therapeutic response of the group-delivered CBT-I treatment
(e.g., chronotype, sleep reactivity to stress, unhelpful beliefs and attitudes about sleep) have not been
evaluated. Such factors are important to identify, as up to 40% of insomnia patients do not adequately
respond to CBT-I (Galbiati et al., 2019). Insomnia patients with evening chronotype, unhelpful beliefs
about sleep, short sleep, comorbidity, or high reactivity to stress may have a blunted response to CBT-
| (Baron & Hooker, 2017; Blanken et al., 2019; Faaland et al., 2022; Montserrat Sanchez-Ortufio &
Edinger, 2010). Adherence to the therapeutic regime may also predict outcome (Mellor et al., 2022).


http://lctc.org.uk/SAP-Statement
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1.3. Objectives
1.3.1. Primary objective

The primary objective is to investigate the effectiveness of group-delivered CBT-I in primary care on
insomnia severity at 3 months post-treatment.

1.3.2. Secondary objectives
The secondary objectives include:

l. Investigate the effectiveness of group-delivered CBT-l on insomnia severity at 1 and 6-months

post-treatment.

Il. Investigate the effectiveness of group-delivered CBT-I on health-related quality of life, fatigue,
mental distress, and sleep diary data at 1, 3 and 6-months post-treatment.

Il Investigate whether chronotype moderates the effectiveness of group-delivered CBT-I at 3
months post-treatment.

V. Investigate the rates of sick leave, the use of relevant medications, and utilization of healthcare
services at 12- and 24-months post-treatment.

1.3.3. Exploratory objectives

Investigate whether potential treatment moderators (e.g., sleep reactivity) influence the
effectiveness of group-delivered CBT-I.

II.  Conduct exploratory mediation analyses to identify mechanisms behind change in the primary
and secondary outcomes.

2. Study design
2.1. Type of design

The study is a pragmatic, multicentre RCT.
2.2. Randomization and treatment assignment

Treatment allocation is based on block randomization stratified by centre. Participants are randomized
based on a 2:1 ratio to either the intervention group (group-delivered CBT-I) or to a control group
(waiting list). Randomization is performed by the project leader using a secure digital platform for
multicentre clinical studies, eForsk, and is based on a computerized allocation sequence stratified by
each of the 26 participating centres. The allocation sequence is generated by a third party, the Clinical
Research Unit at the Faculty of Medicine and Health Sciences at NTNU.

2.3. Determination of sample size

In published RCTs investigating the effectiveness of group-delivered CBT-l on insomnia severity (Alessi
et al., 2016; Bothelius et al., 2013; Chan et al., 2022; Sadler et al., 2018; Song et al., 2022), the average
observed effect corresponded to a large Cohen’s d effect size of 0.86. We chose the medium Cohen’s
d effect size of 0.50 for the sample size calculation as the current trial differs from earlier studies in
that it employs fewer treatment sessions, allows the use of sleep medication, and as the control group
is not prevented from seeking other forms of treatment during the RCT. A power analysis was carried
out using a two-tailed t-test with 5% alpha level and 90% power to detect a medium Cohen’s d effect
size of 0.50, with an allocation ratio of 2:1 (G*Power, version 3.1.9.6) (Faul et al., 2007). The needed
sample size was 192 participants. Accounting for a 30% attrition rate based on previous studies (Espie



Statistical analysis plan for Effectiveness of group-delivered therapy for insomnia 3

et al., 2001; Morgan et al., 2003; Ong et al., 2008; Vincent & Lionberg, 2001), the needed sample size
was 250 participants.

To have sufficient power for moderation analyses of chronotype, we additionally calculated the sample
size for a two-tailed t-test between morning and evening chronotype comparing the difference in
outcome between the CBT-l and control groups. We applied a 5% alpha level and 80% power to detect
a small to medium Cohen’s d between-group effect size of 0.40, an allocation ratio of 2:1, and
accounting for a 30% attrition rate. The effect size of 0.40 was based on previous studies investigating
the moderating effects of chronotype on the effectiveness of CBT-I (Faaland et al., 2022; Lien et al.,
2019). The final sample size was 292 participants (98 in the control group, 194 in intervention group).

2.4. Framework

The study is designed as a multicentre, pragmatic RCT to test the effectiveness of group-delivered CBT-
| compared to a waiting list on insomnia severity in Norwegian primary care.

2.5. Statistical interim analyses

No interim analyses are planned for the trial, as we do not expect any major adverse effects of the
treatment, and as all intervention group participants are followed up during the treatment.

2.6. Stopping guidance
No stopping guidance is implemented in the trial.
2.7. Timing of final analysis

The primary and secondary outcomes will be assessed at 1-, 3- and 6-months follow-up. As such, all
data from baseline, 1 month, 3 months, and 6 months will be exported, analysed, and published
together. Data from 6-months follow-up will be available by the end of January 2024.

Long-term follow-up using national registry data at 12- and 24-months post-treatment will be
accessed and analysed separately at the respective timepoints, but published together after 24-
months follow-up.

2.7.1. Timing of outcome assessments

There are six measurement timepoints of outcome assessments in the trial:
1. T1: baseline measurements after randomization and prior to intervention start
T2: immediately post-intervention (4-5 weeks after T1)
T3: 3 months post-intervention (primary follow-up timepoint)
T4: 6 months post-intervention
T5: 1-year post-intervention (registry data only)
T6: 2 years post-intervention (registry data only)

ounkwnN

Acceptable time frame for answering questionnaires at the respective timepoints is defined as half the
time between each timepoint. For instance, the acceptable time frame of assessments at T1 is the first
2.5 weeks after participants received the questionnaires. For T2, this period amounts to 4 weeks. For
T3 and T6, respectively, this period amounts to 6 weeks. The schedule of administering outcome
assessments is provided in Table 2.
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Table 2. Overview of the utilized instruments, measurement timepoints and objectives of their use
in the randomized controlled trial.

Administration

Objective Instrument Description of recorded data Timepoint
Demographic Self-rated questions, see | Various, see 4.3 T1
information and | 4.3
baseline patient
characteristics
Primary Insomnia severity 7 items scored on a 5-point scale, Screening,
outcome (Insomnia Severity Index | sum score 0-28, higher values T1,72,7T3, T4
[1s1) indicate worse insomnia
Secondary Health-related quality of | 5 items scored on a 5-point scale T1,7T2,73,T4
outcomes life (EuroQol EQ5D-5L) from 1 to 5, index score -0.285
(worst imaginable health)-1
(perfect health)
Fatigue (Chalder Fatigue 13 items scored on a 4-point scale, | T1,T2,T3,T4
Scale) sum score 0-39, higher values
indicate worse fatigue
Mental distress (Hopkins | 5 items scored on a 4-point scale, T1,T2,73, T4
Symptoms Checklist) sum score 0-20, higher values
indicate worse mental distress
Moderator Chronotype (Brief Horne- | 5 items, sum score 4-25, higher T1,T2,73, T4
Ostberg Morningness- levels indicate higher levels of
Eveningness morningness.
Questionnaire)
Sleep reactivity (Ford 9 items scored on a 4-point scale,
Insomnia Response to sum score 9-36, higher values
Stress Scale) indicate higher sleep reactivity
Mediators Unhelpful beliefs about 16 items scored on a 11-point T1,7T2,73, T4
sleep (Dysfunctional scale, sum score is an average of all
Beliefs and Attitudes scores (0-16), higher scores
about Sleep indicate stronger dysfunctional
questionnaire-16) beliefs and attitudes about sleep
Sleep-related self-efficacy | 1 item scored on a 10-point scale, T1,72,73, T4
higher score indicates higher self-
efficacy
Subjective 7-day sleep diary Various, see 5.2.1 T1,72,73, T4
assessment of
sleep
Evaluation of Norwegian Patient Various T5,T6
medication use, | Registry
sick leave, and Norwegian Prescription Various T5,T6
healthcare Database
utilization National Insurance Various T5,T6

3. Statistical principles
3.1. Confidence intervals and p-values

All p-values will be two-sided. For the primary outcome analysis, the significance level will be set to
0.05. We will have the problem of multiple comparisons in mind when we interpret results from the
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secondary analyses. Estimates will be presented as mean differences or odds ratios, and their precision
will be quantified with 95% confidence intervals.

3.2. Uptake, protocol deviations and protocol violations
3.2.1. Uptake

Adults interested in participating in the study filled out an online screening questionnaire, which was
evaluated against inclusion and exclusion criteria by the research team. Adults who met criteria for
participation were sent an online consent form. Those who consented were included in the study and
randomized. Intervention participants were informed about the next available treatment group, and
asked whether they could attend. At this point, some intervention participants withdrew as the time
or place for the intervention did not suit them (e.g., especially due to time-scheduling conflicts, if
treatment groups took place during the hours of the workday). These intervention participants were
asked to answer baseline questions relating to sociodemographic and patient characteristics, but did
not receive the full T1 questionnaire, or questionnaires at timepoints T2, T3, and T4. All others who
were randomized were sent questionnaires at all timepoints unless they withdrew from the study at
any point after baseline.

3.2.2. Adherence and Protocol deviations

Since a 2:1 randomization ratio was implemented, we expected to include twice as many participants
in the intervention group than in the control group. However, more intervention participants were
excluded due to their withdrawal after randomization and prior to T1 (described in section 3.2.1).

The group-delivered CBT-l intervention consists of four sessions. The first three sessions include new
learning outcomes, while the fourth session is built around repetition of the learning outcomes and
planning how to continue working with the core components of CBT-l after the course. No new
knowledge is introduced in the fourth session. Therefore, participant adherence to the intervention is
defined as having attended minimum the first three sessions of the intervention. Non-compliance with
the intervention is defined as not having attended any sessions, only having attended 1 or 2 sessions,
or 3 sessions that did not include the first three sessions of the intervention.

3.3. Analysis
3.3.1. Intention-to-treat (ITT) analysis (full analysis set)

The ITT principle will be used for analysing the effectiveness of group-delivered CBT-I, the study
intervention. The primary analysis population includes all eligible, randomly assigned participants who
had at least one outcome measurement. Participants who withdrew from the trial will be included in
the analysis until the point they withdrew. This will be the full analysis set.

3.3.2. Complier-average causal effect analysis

A complier-average causal effect (CACE) analysis of the primary and secondary outcomes will be
carried out to determine the impact of the treatment effect when accounting for non-compliance of
the intervention. CACE is a measure of the causal effect of an intervention on the participants who
received it as intended by the original group allocation. Non-compliance is defined in section 3.2.2.
CACE analyses will be conducted after the ITT analyses are finalized, as there is a risk that they will not
be blinded.
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3.3.3. Subgroup analyses

We will conduct subgroup (i.e., interaction) analyses based on chronotype to investigate whether
chronotype at baseline moderates treatment effectiveness of group-delivered CBT-I on insomnia
severity at 3 months after baseline. Two sets of subgroups based on the Brief Horne-Ostberg
Morningness-Eveningness Questionnaire (Chelminski et al., 2000) may be defined:

e Morning type (score 18-25), neither type (score 12-17), evening type (score 4-11).
o Definitely morning type (score 22-25), moderately morning type (score 18-21), neither type
(score 12-17), moderately evening type (score 8-11), definitely evening type (score 4-7).

The final subgroups will be established based on the final distribution of participants in the different
subgroups. In order to ensure adequate power for the analyses, some of the above-defined subgroups
may be merged, or percentiles may be utilized to create 3 or 5 equally large groups.

3.3.4. Exploratory subgroup analyses

We will conduct a number of exploratory subgroup (i.e., interaction) analyses. The following variables
will be investigated as potential as moderators of treatment effectiveness of group-delivered CBT-I on
insomnia severity at 3 months after baseline:

e Sleep reactivity. Subgroups will be based on the Ford Insomnia Response to Test (Drake et al.,
2004), and will include high (scores > 16) and low (scores < 16) sleep reactivity.

e Duration of insomnia, duration of prior insomnia treatment, and treatment group size.
Subgroups will be based on percentiles of the given variables in the sample.

e Frequency of physical activity. Subgroups will be conceptualized as high physical activity (2-3
times per week and approximately every day) and low physical activity (never, less than once
per week and once per week).

e Insomnia phenotypes. We will define two insomnia phenotypes based on sleep diary data at
baseline: (1) insomnia with short sleep duration, (i.e., < 6h), and (2) insomnia with normal
sleep duration (i.e., 2 6h). Moreover, since it is plausible that combinations of different
nighttime symptoms provide the basis for insomnia subtypes, we will explore how different
subtypes influence the effectiveness of the intervention. These will include: (1) insomnia with
early morning awakenings, (2) insomnia with difficulties initiating sleep, and (3) insomnia with
nighttime awakenings.

3.3.5. Exploratory mediating analyses

Exploratory analyses will be conducted to identify whether, and to what extent, the change in the
following variables at 1 months after baseline mediated the effectiveness of group-delivered CBT-I on
insomnia severity and secondary outcomes at 3 months after baseline. We will conduct the mediation
analyses according to existing guidelines (Lee et al., 2021), using the following variables:

e Dysfunctional beliefs and attitudes about sleep. Quantified with the Dysfunctional Beliefs and
Attitudes about Sleep Questionnaire (Morin et al., 2011), where higher scores indicate greater
dysfunctional beliefs and attitudes about sleep.

o Sleep-related self-efficacy. Quantified with a custom self-rater item, where higher scores
indicate greater sleep-related self-efficacy.
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3.4. Allocation concealment, blinding and order of analysis
3.4.1. Allocation concealment

Treatment allocation to the intervention and control groups is described in section 2.1. The project
leader, who performs the treatment allocation, is blinded to the block sizes and the allocation
sequence, and will thus not influence the allocation process in any way. Participants and the
intervention administrators will not be masked to the participants’ group assignment.

3.4.2. Blinding in statistical analyses and interpretation of results

Upon completion of data collection, de-identified patient data will be exported. The participant
identification key will be confidential and unavailable to the project group at the time of analysis. The
treatment allocation will be concealed by a researcher not involved in the project, who will change
the treatment allocation to groups A and B. The researcher will then run the outlined statistical
analyses for both primary and secondary objectives (see section 1.3.1 and 1.3.2; note that secondary
objective IV will be analyzed at 24-months follow-up), which will be presented in table format without
the number of participants belonging to each group. These results will be shared with the project
group, who will interpret the results blinded to treatment allocation. Thereafter, the group allocation
concealment will be removed.

4. Presentation of study population
4.1. Screening data, eligibility, recruitment, and follow-up

See the published protocol (Hrozanova et al., 2023) for detailed description of screening procedures,
eligibility, and recruitment. Once the data collection is finalized, a CONSORT flow diagram will be
created to show the number of participants that were screened, excluded (incl. reasons for exclusion),
randomized and included, how many dropped out, how many participated in the different
measurement timepoints and finally, how many finalized the data collection. Reasons for withdrawal
and loss to follow-up will be specified when possible. See the CONSORT flow diagram in Figure 1.
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Participant enrolment

pAge=18 N= ‘ Screened participants, N= |
e ISI< 12 N=
» Heart surgery < 3 months, | |
N=
| Cancer treatment, N= ‘) Excluded participants, N= ‘ Included participants, N= ‘

® Untreated sleep apnea, N=

@ Current multiple sclerosis |
with attack, N=

@ Psychotic or bipolar
disorders, N=

» Perscnality disorders, N= Allocation

e Dementia or other Randomization
neurodegenerative | N= ‘
conditions, N=

Did not consent, N=, ‘

Consented, N=
excluded ‘

‘ Waitmg list ‘ ‘ Group-delivered CBT-1 ‘
N= | N=

‘ Allocation in treatment group ‘

Unavailable due to time or
location constraints, N=

‘ Group-delivered CBT-I |
N=

. . T1: Pretest / Baseline . .
Dropon, =] e e | | i 42t i e || DroPo0 N
) ) lrz: 1-month fnllnn-'—ull } )
Dropont = L e e e | | S 47 snep e e[ —{Dropout -
T3: 3-month fulloln'-up / Primary menm.llremmt tim epoint
g | Gt T | S x|
|r4: 6-month fnlln“'-upl

Questionnaire battery, N= Questionnaire battery, N= ‘ B |
: = H : P - . 4‘ Dropout, N=
‘ Dropout, N Min. 4/7 sleep diaries, N= Min. 4/7 sleep diaries, N= ropou

T5: 12-month follow-up / 1 analysis of registry data

Norwegian Patient Registry, N= Norwegian Patient Registry, N=
Norwegian Prescription Database, N= Norwegian Prescription Database, N=
National Insurance Administration, N=| | National Insurance Administration, N=

T6: 24-month follow-up / 2™ analysis of registry data

Norwegian Patient Registry, N= Norwegian Patient Registry, N=
Norwegian Prescription Database, N= Norwegian Prescription Database, N=
National Insurance Administration, N=| [ National Insurance Administration, N=

Figure 1. CONSORT flow diagram showing screening, eligibility, recruitment and follow-up data.
4.2. Withdrawal/Follow-up

Participants in the intervention group had an opportunity to withdraw from the study when they were
offered a place in one of the upcoming group-delivered CBT-I courses in their municipality. Since these
courses were ongoing and planned by the participating centres, it was possible that the time or place
of the intervention did not suit the participants’ schedules. In that case, the participants informed the
project leader or the contact person at their centre, and withdrew from the study. Not all baseline
characteristics were collected for these participants, but most of these participants answered
qguestions on education, employment status, and physical health. This level of withdrawal will be
presented in a figure or in text. We will compare these participants to those who accepted the offer of
treatment based on their screening data (e.g., insomnia severity, sex, age).

Participants who withdrew from the study after the completion of baseline measurements were
considered dropouts. Unless they explicitly asked to have their data removed, the collected data of
these participants will be used up to the timepoint of drop out. This level of withdrawal will be
presented in a figure or in text.
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4.3. Baseline patient characteristics

The following baseline patient characteristics will be presented for both the intervention and control
groups separately, and combined for the whole study population. In addition, we will present
participants’ baseline characteristics by intervention compliance status. Continuous data will be
summarized by mean (SD) or median (percentiles), as appropriate due to their distributions, and
categorical data by n (%).

Sociodemographic factors

e Age (years)
e Sex (female)
¢ Education level: Not applicable; Vocational education; Highschool; College 2 years; Bachelor;
Master; PhD
e Employment status: Yes, part time; Yes, full time; No
o If employed:
=  Three-shift working arrangement: Yes; No
= Work ability
o If unemployed:
= Main reason for unemployment: Unable to find a job; Retired; lliness or
disability; Temporarily laid off; Parental leave; Student; Stays at home; Wanted
time off for a while; Waiting to start a new job; Other reasons

Physical health

e Bodily pain in the last week: 0 (no pain) — 10 (worst possible pain)
e Body mass index (kg/m?)
e Frequency of physical activity: Never; Less than once per week; Once per week; 2-3 times per
week; Approximately every day
o Exercise intensity: Without getting out of breath or sweaty; To get out of breath or
sweaty; | go almost all out
o Exercise duration: < 15 minutes; 15-29 minutes; 30-60 minutes; > 60 minutes

Substance use

¢ Alcohol intake frequency: Never; Monthly or less; 2-4 times per month; 2-3 times per week;
4+ times per week
o Typical consumption of alcohol in units: 1-2; 3-4; 5-6; 7-9; 10+
e Cannabis use in the last 12 months: Yes / No
e Use of other narcotic substances than cannabis in the last 12 months: Yes / No

Sleep-related factors

e Duration of current sleep problems (years)
e Earlier treatment for current sleep problems: Yes / No
o Type of treatment: Sleep medication; Talk therapy; Web-based therapy; Self-help;
Meditation, mindfulness, relaxation; Massage; Acupuncture; Homeopathy; Hypnosis;
Light therapy, chronotherapy; Continuous positive airway pressure (CPAP), mandibular
advancement device; Other
o Duration of earlier treatment (hours)
e Sleepwalking: Never / rarely; Sometimes; At least 3 times per week
e Sleep talking: Never / rarely; Sometimes; At least 3 times per week
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e Discomfort or crawling sensation in the legs: Never / rarely; Sometimes; At least 3 times per
week
e Delayed sleep phase: Yes / No

We will report baseline values for primary and secondary outcomes (see 5.1 & 5.2). Descriptive
statistics will be presented depending on the type and distribution of variables.

5. Analysis
5.1. Primary outcome
5.1.1. Definition of primary outcome measures

The primary outcome measure is defined as the participants’ insomnia severity at 3 months after
baseline (i.e., start of treatment or waiting period). Insomnia severity is measured by the Insomnia
Severity Index (ISI) (Morin et al., 2011) which consists of 7 items, each measured on a 5-point scale.
The composite score ranges from 0 to 28, where higher values indicate higher insomnia severity.

Insomnia severity is also assessed at 1 month and 6 months after baseline. These measurement
timepoints will be analysed and presented as secondary analyses, described below.

5.1.2. Analysis of primary outcome

The primary outcome will be analysed using the ITT principle, outlined in section 3.3.1. A three-level
linear mixed effect model will be used to estimate the mean differences between the two groups in
change in insomnia severity from baseline and 3-month follow-up with 95% confidence intervals. The
linear mixed effect model will be based on data from all time points even though 3-months is the
primary measurement timepoint. Random effects will include participant and centre. Fixed effects will
include time, group, and time—group interaction. Baseline covariates (e.g., sex, age, education level,
occupational status, duration of insomnia symptoms, insomnia severity) will be included if inspection
of descriptive baseline characteristics indicate that the intervention and control groups differ according
to these variables, which might be the case due to the possibility of withdrawal prior to intervention
start (see 4.2). Any participants with missing outcomes at the primary measurement timepoint, i.e., 3
months after baseline, will not be excluded; rather, the mixed effects model will implicitly account for
missing data. The results will be unbiased as long as the data are missing at random. Model
assumptions will be reviewed and if they are violated, bootstrapping, logarithmic transformations, or
non-parametric testing will be used as appropriate.

5.1.3. Sensitivity analyses

If the groups show differences in attrition rates at 3 months follow-up, prespecified sensitivity analyses
will examine the robustness of primary outcome results to different assumptions regarding missing
data. Specifically, if there is a substantial amount of missing data at the primary follow-up time points,
pattern-mixture models will be used to investigate the possible influence of missing not at random.

5.2. Secondary outcomes
5.2.1. Definition of secondary outcome measures

Secondary outcome measures are defined as the following:
Insomnia severity:

e Participants’ insomnia severity at 1 and 6 months after baseline, measured on a 5-point scale
using the ISI (Morin et al., 2011). Higher values indicate higher insomnia severity.
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Participants’ clinically relevant change in insomnia severity using the ISl (Morin et al., 2011) at
1, 3 and 6 months after baseline. A clinically relevant change will be defined as a 6-point
decrease in insomnia severity from the participants’ baseline score.

Health-related factors at 1, 3 and 6 months after baseline:

Participants’ health-related quality of life measured on a 5-point Likert scale using the EuroQol
EQ5D-5L questionnaire (Herdman et al., 2011), where higher values indicate lower health-
related quality of life. The five items will be transformed into an index value for health status
using the UK value set. The index score ranges between — 0.285 (worst imaginable health state)
and 1 (perfect health).

Participants’ fatigue measured on a 4-point Likert scale using the Chalder Fatigue Scale
(Chalder et al., 1993), where higher values indicate higher fatigue.

Participants’ mental distress measured on a scale from 1.0 to 4.0 using the Hopkins Symptom
Check List (Schmalbach et al., 2021), where higher values indicate higher mental distress.

Participants’ subjective assessment of sleep patterns as assessed by an adapted consensus 7-day sleep
diary (Carney et al., 2012) at 1, 3 and 6 months after baseline. We will calculate an average of each of
the following variables which have been reported over at least 4 of the 7 consecutive days,
respectively:

Overall daytime functioning measured on a 5-point Likert scale, where higher values indicate
worse daytime functioning.

Napping frequency measured on a binary scale (Yes / No), and napping length assessed in
minutes.

Intake of prescription and non-prescription sleep medication measured on a binary scale (Yes
/ No).

Sleep onset latency measured in minutes.

Frequency and duration of awakenings measured in minutes. Sleep efficiency will be
calculated as a ratio of time asleep / time in bed and expressed in %.

Overall subjective sleep quality measured on a 5-point Likert scale, where higher scores
indicate better subjective sleep quality.

Sleep duration in minutes will be calculated by determining the number of minutes between
sleep onset and final sleep offset, subtracting the total duration of nighttime awakenings.

Data from the Norwegian Patient Registry, Norwegian Prescription Database and National Insurance
Administration will be accessed at 12- and 24-months after baseline and will contain data for the whole
follow-up period. The following will be accessed and analysed:

National Insurance Administration, assessment of sick leave. In the National Social Security
System Registry managed by the National Insurance Administration, all individuals in Norway
receiving any form of benefits are registered with their social security number. The registry
includes data on use of medical benefits like sick-leave payments, sick leave certificates, work
assessment allowance and disability pensions. During the respective follow-up periods of 12-
and 24-months, we will access and analyse the following sick-leave outcomes (all-cause as well
as due to musculoskeletal and mental disorders): total number of days on sick leave during the
follow-up period and risk of long-term sick leave (> 31 consecutive days). Time on graded sick
leave will be transformed to whole workdays.

Norwegian Prescription Database, assessment of relevant prescribed medication. The
Norwegian Prescription Database contains data about dispensed drugs in Norway, which is
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based on prescriptions to individuals with a valid social security number. A user is defined as a
person who has had at least one prescription dispensed in a pharmacy during a defined period.
We will obtain data on use of antidepressants, antipsychotics, antiepileptics, benzodiazepines,
z-hypnotics, antihistamines, and central nervous system stimulants. For sleep medications, we
will obtain data on specific drugs, including those with active ingredients zopiclone,
nitrazepam, melatonin, clomethiazole and others. For these medication groups and specific
medications, we will assess the proportion of users, i.e., participants that obtain prescriptions
of these medications during 12- and 24-months of follow-up, and the defined daily dose of
medication use.

o Norwegian Patient Registry, assessment of healthcare resource utilization. The Norwegian
Patient Registry is managed by the Norwegian Health Directorate and contains health
information about all patients who have received treatment, or who are waiting for treatment
in the Norwegian specialist healthcare service. We will obtain data on the referrals to sleep
and mental healthcare specialists and rate of sleep diagnoses at 12- and 24-months post-
treatment.

5.2.2. Analysis of secondary outcomes

For continuous secondary outcomes assessed at multiple follow-up timepoints, similar three-level
linear mixed effect models as for the primary outcome will be utilized. Binary secondary outcomes
(e.g., clinically relevant change in insomnia severity) assessed at multiple follow-up timepoints will be
analysed using three-level logistic mixed effect models. The mixed effect models will be used to
estimate the mean differences or odds ratios between baseline and 3 months follow-up in secondary
outcomes with 95% confidence intervals between the two groups. Random effects will include
participant and centre. For both continuous and binary secondary outcomes, model assumptions will
be reviewed and if they are violated, bootstrapping will be used as appropriate.

CACE analyses for primary and secondary outcomes at 1, 3 and 6 months after baseline:

The association between baseline characteristics and treatment compliance (see definition in section
3.2.2) will investigate factors associated with compliance. Baseline characteristics will be reported for
control, complier, and non-complier groups.

The CACE estimates of the difference between the mean ISl score for the compliers (i.e., participants
with sufficient adherence to treatment) in the intervention group compared to the would-be-
compliers in the control group at the primary measurement timepoint will be obtained. An unbiased
estimate of the effect of intervention compliance on the treatment effect will be produced (Peugh et
al., 2017). CACE estimates of the primary outcome (i.e., ISI at 3 months), will be obtained using the
instrumental variable approach. Further models will be fitted with baseline covariates used in primary
and secondary outcome analyses. The impact of re-defining compliance as attendance at a minimum
of 1 and 2 sessions, and any 3 sessions other than the first three of the intervention will be assessed.
CACE estimates of treatment effect will be reported in addition to the ITT estimates. The following
CACE analyses will be carried out:
e The influence of intervention compliance on the treatment effect assessed by insomnia
severity at 1, 3 and 6 months after baseline, measured using the ISI (Morin et al., 2011).
o The effect of intervention compliance on the clinically relevant change in insomnia severity
(defined above) using the ISI (Morin et al., 2011) at 1, 3 and 6 months after baseline.
e For the primary outcome, an additional CACE analysis will be employed to obtain adjusted
estimates for the difference in insomnia severity for participants who completed the first three
sessions of the intervention vs. participants who completed all sessions of the intervention.
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e CACE analyses for secondary outcomes outlined above will be carried out in line with the same
principles.

5.2.3. Sensitivity analyses

For the CACE analyses, sensitivity analyses will be carried out by adjusting the definition of compliance
to attending at least two or at least three sessions, and multiple imputation will be done on the primary
CACE analysis as a sensitivity analysis to assess the effect of missing data. An additional sensitivity
analysis will also include those intervention-group participants who were excluded prior to baseline
measurements at T1, and who answered the baseline questions relating to sociodemographic and
patient characteristics (described in section 3.2.1). We will compare these participants’
sociodemographic and patient characteristics to the intervention-group participants included in the
ITT analyses. In addition, we will repeat the primary outcome analysis including these participants,
substituting their missing insomnia severity scores at baseline with those from the screening
questionnaire.

5.3. Subgroup analyses and mediator analyses

Investigation of potential treatment moderators at baseline influencing the effectiveness of group-
delivered CBT-1 on insomnia severity at 3 months after baseline will be based on the following statistical
principles. Chronotype is used as an example, as the final sample size in the RCT was calculated for this
analysis. Other potential treatment moderators, outlined in section 3.3.3 will be analysed according to
the same statistical principles.

e Chronotype at baseline was measured by 5 items using the reduced Horne-Ostberg-
Morningness-Eveningness Questionnaire (Chelminski et al., 2000), and categorized into
evening type (scores 4-11), morning type (scores 18-25) and intermediate type (scores 12-17).
Analysed with three-level linear mixed effect models, random effects will include participant
and centre, while fixed effects will include the predictors time, group, and chronotype
variables in addition to insomnia severity, the outcome. We will investigate the main effect of
time and chronotype, the two-way interaction between group and time, and time and
chronotype, as well as the three-way interaction (group * time * chronotype). As for the
analysis of primary outcome, baseline covariates (e.g., sex, age, education level, occupational
status, duration of insomnia symptoms, insomnia severity) will be included if inspection of
descriptive baseline characteristics indicate that the intervention and control groups differ
according to these variables, which might be the case due to the possibility of withdrawal prior
to intervention start (see 4.2).

Exploratory mediator analyses, outlined in section 3.3.4, will be based on existing statistical principles
(Kraemer et al., 2002; Lee et al., 2021), and conducted in the following way:

e We will assess whether dysfunctional beliefs and attitudes about sleep and sleep-related self-
efficacy mediate the effectiveness of the intervention on changes in insomnia severity by using
novel and recommended analytical approaches within a causal framework. We will apply four
way decomposition analysis, which breaks down the total effect of the exposure on the
outcome into components due to mediation alone, to interaction alone, to both mediation
and interaction, and to neither mediation nor interaction (VanderWeele, 2014). The results
from the analyses will be presented both as beta coefficient, but also as proportion of the
changes in the primary outcomes that are explained by the mediator alone after adjusted for
the other effects (interaction and both mediation and interaction).
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5.4. Missing data

The analysis of the primary outcome will use linear mixed models, incorporating all available data from
each participant with at least one outcome measurement. This method should provide unbiased
estimates of the effectiveness of group-delivered CBT-I under the assumption that any missing data is
missing at random.

A breakdown of participants with missing data for each outcome at each timepoint will be presented,
in addition to the baseline characteristics of the entire sample, and those included in the primary
analysis.

5.5. Statistical software
Statistical analyses will be carried out using R.
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