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A B S T R A C T   

Background: Insomnia is the transdiagnostically shared most common complaint in disorders of anxiety, stress 
and emotion regulation. Current cognitive behavioral therapies (CBT) for these disorders do not address sleep, 
while good sleep is essential for regulating emotions and learning new cognitions and behaviours: the core 
fundaments of CBT. This transdiagnostic randomized control trial (RCT) evaluates whether guided internet- 
delivered cognitive behavioral therapy for insomnia (iCBT-I) (1) improves sleep, (2) affects the progression of 
emotional distress and (3) enhances the effectiveness of regular treatment of people with clinically relevant 
symptoms of emotional disorders across all mental health care (MHC) echelons. 
Methods: We aim for 576 completers with clinically relevant symptoms of insomnia as well as at least one of the 
dimensions of generalized anxiety disorder (GAD), social anxiety disorder (SAD), panic disorder (PD), post
traumatic stress disorder (PTSD) or borderline personality disorder (BPD). Participants are either pre-clinical, 
unattended, or referred to general- or specialized MHC. Using covariate-adaptive randomization, participants 
will be assigned to a 5 to 8-week iCBT-I (i-Sleep) or a control condition (sleep diary only) and assessed at 
baseline, and after two and eight months. The primary outcome is insomnia severity. Secondary outcomes 

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; BPD, Borderline Personality Disorder; BPD-C, Ultra-short borderline personality disorder 
checklist; BPDSI, Borderline Personality Disorder Severity Index; CBT-I, Cognitive and behavioral therapy for insomnia; CSD, Consensus sleep diary; DERS-SF, 
Difficulties in Emotion Regulation Scale – Short Form; DUDIT, Drugs Use Disorders Identification Test; EEG, Electroencephalography; EuroQoL, European Quality of 
Life Scale (EQ-5D-5L); GP, General practitioner; iCBT-I, Internet-based cognitive and behavioral therapy for insomnia; ID, Insomnia disorder; iPCQ iMCQ, IMTA 
Productivity Cost Questionnaire and Medical Consumption Questionnaire.; ISI, Insomnia Severity Index; ITQ, Insomnia type questionnaire; METC, Medische Ethische 
Toetsings Commissie (i.e., Medical Ethics Committee); MCTQ, Munich Chronotype Questionnaire; MDD, Major Depressive Disorder; MHC, Mental health care; 
MHQoL, Mental Health Quality of Life; M.I.N.I., Mini International Neuropsychiatric Interview; OCD, Obsessive compulsive disorder; PLB, Positive Lifestyle Be
haviours; rMEQ, Reduced Morningness Eveningess Questionnaire; RMT20, Rapid Measurement-Toolkit 20; SSDI, Algorithm to screen for symptoms of sleep disorders 
other than Insomnia by the British Association of Psychopharmacology; WMO, Wet Medisch-wetenschappelijk Onderzoek met mensen (i.e. Dutch law on medical 
research with human subjects). 
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address sleep, severity of mental health symptoms, daytime functioning, mental health protective lifestyles, well- 
being, and process evaluation measures. Analyses use linear mixed-effect regression models. 
Discussion: This study can reveal for whom, and at which stage of disease progression, better nights could mean 
substantially better days. 
Trial registration: International Clinical Trial Registry Platform (NL9776). Registered on 2021-10-07.   

1. Introduction 

Mental disorders are highly prevalent and present a serious burden to 
patients and society [1]. Regular treatment does not suit everyone well 
and after recovery relapse often occurs [2,3]. Improvement of treatment 
and relapse prevention are therefore necessary [1]. Treatment of 
insomnia may offer the best chance to do so. Insomnia is the most 
common transdiagnostic symptom in mental disorders: almost 70% of 
individuals with a mental disorder experience sleep onset or sleep 
maintenance difficulties, and over 30% meet the criteria of insomnia 
disorder (ID) indicated by the diagnostic and statistical manual of 
mental disorders (DSM-5) [4]. Insomnia is a primary risk factor for most 
mental disorders. For instance, pre-existing insomnia is a primary risk 
factor predicting first onset anxiety disorders and depression [5]. Pre- 
existing insomnia is also key to whether a traumatic experience elicits 
post-traumatic stress disorder (PTSD) [6,7], and childhood sleep prob
lems predict onset of borderline personality disorder (BPD) in adoles
cence [8,9]. Literature shows that insomnia aggravates disease state, 
worsens prognosis, lowers treatment response, and increases relapse 
after recovery of mental disorders [10,11]. Together, insomnia con
tributes significantly to the risk, severity, and treatment resilience of 
most mental disorders. 

A reason why impaired sleep contributes to mental disorders may be 
because sleep plays a critical role in emotional processing and regula
tion. From a neurobiological perspective, Rapid Eye Movement (REM) 
sleep may facilitate decoupling of the emotional component (i.e., dis
tressing components and subsequent physiological arousal) from a 
memory, resulting in milder emotional memories [12]. After REM sleep, 
there is a shift in functional connectivity between brain regions involved 
in the representation of emotional memories, causing more involvement 
of the neocortex while the limbic circuit is less involved [13,14]. 
‘Restless REM sleep’, characterized by frequent stage shifts from REM to 
wake or N1/N2 sleep phases, is typical of those who suffer from 
insomnia [15]. Wassing [16] demonstrated that restless REM sleep im
pedes nocturnal adaptation in the limbic circuit of the brain. Resulting 
difficulties with overnight dissolving of distress could thus be key to the 
development and persistence of hyperarousal, and risk of developing 
other mental disorders [16–18]. 

Good sleep is crucial for the recovery of emotional distress. Good 
sleep is also essential for efficient learning of new cognitions and be
haviours [19]: the fundaments to successful cognitive behavioral treat
ment of mental disorders. In mental disorders that are characterized by 
impaired anxiety, stress or emotion regulation [20,21], interventions 
addressing sleep may therefore not only alleviate insomnia but also aid 
recovery of emotional distress through improved emotional processing 
and regulation and better capacity to learn new cognitions and 
behaviours. 

Addressing insomnia is not part of protocolled treatment of any 
mental disorder other than insomnia disorder (ID) itself. In fact, co- 
existing ID is often not adequately diagnosed or explicitly addressed 
when treating mental disorders. This unfortunate situation is likely due 
to a lack of knowledge about optimal insomnia treatment among care 
providers and shortage of therapists trained to treat insomnia [22]. If 
insomnia is addressed, pharmacological treatment is often used rather 
than cognitive behavioral therapy for insomnia (CBT-I) which is the 
primary choice to treat insomnia according to international guidelines 
[23]. 

Meta-analyses have shown large and lasting treatment effects of CBT- 

I on insomnia [24]. These effects are also observed in insomnia co
morbid with other disorders, both on insomnia severity and non- 
insomnia symptoms in patients with PTSD, psychosis/bipolar disorder, 
and mixed comorbidities [25]. Another meta-analysis reported that 
CBT-I is effective in treating PTSD symptoms [26]. Relieving effects of 
CBT-I on anxiety symptoms have been reported, but studies so far did not 
target people with anxiety disorders [25,27–31], even though a recent 
review suggested that benefits of CBT-I may increase in proportion to the 
severity of anxiety symptoms [30]. No prior studies investigated effects 
of CBT-I on insomnia in BPD. CBT-I can be effectively offered either face- 
to-face or digitally (iCBT-I) [32]. The best documented effects of iCBT-I 
have been found in populations with depressive symptoms [33] and 
depression [34,35]. iCBT-I can also benefit the prevention of depression 
in insomniacs at high risk of developing depression [36–38]. 

To date (i)CBT-I studies have focused on single comorbid diagnoses 
[25], yet it is the rule rather than the exception that people with a 
specific mental disorder also suffer from symptoms characteristic of 
other diagnoses, and may meet the criteria for other diagnoses too [39]. 
The potential of enhancing effectiveness of treatment of other mental 
disorders by treating insomnia prior to regular protocolized treatment 
for mental disorders has not been explored. This indicates a need for 
transdiagnostic evaluation of the effectiveness of (i)CBT-I to improve 
insomnia in patients with insomnia and comorbid emotional distress. 

Addressing these gaps, this study will evaluate the effects of iCBT-I 
on insomnia severity by assessing the multivariate profile of mental 
health complaints in participants with clinically relevant insomnia in 
combination with clinically relevant symptoms in at least one of the 
emotional distress dimensions of generalized anxiety disorder (GAD), 
social anxiety disorder (SAD), panic disorder (PD), PTSD or BPD. We aim 
to assess all echelons of mental health care (MHC): people with pre- 
clinical complaints (pre-MHC), and people that are referred to gen
eral- or specialized MHC awaiting treatment [27]. By offering iCBT-I 
prior to, or in early stages of, regular treatment we will evaluate 
whether better sleep enhances responsiveness to subsequent treatment 
in those referred for treatment. A process evaluation will be conducted 
to evaluate implementation processes to inform implementation in real- 
world clinical practice – when the intervention is proven effective. 

2. Objectives 

The first aim is to evaluate the transdiagnostic effectiveness of 
guided iCBT-I to reduce insomnia severity in people suffering from both 
clinically relevant insomnia and clinically relevant symptoms of anxiety 
or borderline personality disorder, with as primary sleep outcome 
measure the Insomnia Severity Index (ISI). Secondary sleep outcomes 
are subjective and objective sleep features assessed by sleep diary and 
electroencephalographic (EEG) sleep recording respectively. The second 
aim is to evaluate the effectiveness of guided i-CBT-I to reduce symp
toms of emotional distress, assessed by the severity of symptoms in the 
six dimensions of major depressive disorder (MDD), GAD, SAD, PD, 
PTSD and BPD, measured by the Rapid Measurement Toolkit 20-item 
(RMT-20) and the Ultrashort BPD Checklist (BPD-C). Using the same 
six outcome measures, the third aim of this study is to evaluate, in those 
participants that receive MHC, whether guided iCBT-I enhances MCH- 
treatment effectiveness. Ancillary outcome measures on emotional 
well-being include daytime functioning, use of care, and lifestyle health 
behaviours that support mental resilience. 

Fourthly, we aim to obtain a better understanding of the role of sleep, 
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including iCBT-I-induced effects on sleep, on overnight alleviation of 
distress as measured by sleep diary and EEG sleep recording. 

Lastly, we aim for an extensive process evaluation to understand the 
barriers and facilitators for adoption, implementation, and continuation 
of iCBT-I in daily clinical practice. Data will be collected from partici
pants, their therapists, and researcher field notes. 

3. Methods/design 

3.1. Research design 

This study is a transdiagnostic and pragmatic RCT with randomiza
tion at the patient level implemented across all echelons of mental 
health care. This design will facilitate a better transdiagnostic under
standing of the relative sensitivity to iCBT-I of different dimensions and 
stages of emotional distress. The design invites people at a moment 
when they seek help and are motivated, by offering iCBT-I during the 
waitlist-vacuum for regular treatment for mental health problems, hence 
optimally utilizing otherwise vacant time. Assessments will take place at 
baseline (T0), two months later (T1; T0 + 2 m) after completion of the 
intervention, and another follow-up six months later (T2; T0 + 8 m) (See 
Fig. 1). This study was approved by the Medical Ethical Committee of 
the VU University Medical Centre (METC VUmc, registration number 
2021/093), and is registered in the International Clinical Trial Registry 
Platform (NL9776: https://trialregister.nl/trial/9776). Participants 
receive a financial compensation upon completion of the study. 

This study has only become feasible by a joint effort to standardize 
assessment and intervention of multiple smaller granted projects. Part of 
this RCT is a sub-trial that will investigate iCBT-I effectiveness in pa
tients with BPD (traits) referred to specialized MHC. This sub-trial fol
lows a parallel design yet distinguishes itself by its primary outcome: the 
severity of BPD symptoms according to the Borderline Personality Dis
order Severity Index (BPDSI). This sub-trial will be included in the 
overarching analyses, however specifics on screening procedure, 
randomization, measure selection and analyses are presented in a 
separate protocol paper [40]. 

3.2. Participants 

Adults (≥ 18 years) will be able to enrol in the study when they 
experience clinically relevant insomnia symptoms (ISI ≥10 (Morin, 
Belleville [41]) and clinically relevant complaints according to the RMT- 
20 [42]) or the BPD-C [43,44]) meeting at least one of the cut-offs on the 
subscales for PTSD (≥8), SAD (≥12), PD (≥9), GAD (≥11) and/or BPD 
(≥14). A clinically relevant increased score on RMT20-MDD subscale is 
not a sufficient inclusion criterion, because prior studies have shown the 
use of iCBT-I in various populations with MDD. However, people with a 
clinically relevant increased score on RMT20-MDD subscale are not 
excluded if they suffer as well from clinically relevant symptoms of 
anxiety or borderline personality disorder. Self-considered capability of 
completing online questionnaires and diaries in Dutch is required. 
Exclusion criteria are: alcohol or substance dependency assessed with 
the online alcohol and drugs screening questionnaires AUDIT (≥20; 
[45]) and DUDIT (≥25; [46]); current diagnosis of bipolar or psychotic 
disorder (yes/no); and having received (i)CBT-I treatment (current / or 
in the past 3 months). Sleep apnoea, sleep medication or shift work are 
not exclusion criteria, since these do not necessarily interfere with 
benefits from CBT-I [47–49]. However, the surveys inquire about 
diagnosed sleep disorders, shifts and use of hypnotics, allowing for 
sensitivity and ancillary analyses. Solely people recruited through 
specialized MHC require meeting the criteria for an anxiety disorder, 
PTSD or obsessive compulsive disorder (OCD) according to the Mini 
International Neuropsychiatric Interview (M.I.N.I.) [50]. 

A total of 576 participants with insomnia complaints will be 
recruited:  

1) People with pre-clinical complaints from the general population not 
currently in or awaiting mental health treatment (pre-MHC; n = 124)  

2) People referred by their general practitioner (GP) to general MHC 
awaiting diagnosis and treatment (n = 164)  

3) People with an anxiety disorder-, PTSD- or OCD diagnosis referred to 
specialized MHC awaiting treatment (n = 192)  

4) People with BPD (or other personality disorder with ≥4 BPD traits) 
referred to specialized MHC awaiting BPD treatment (n = 96) 

3.3. Recruitment 

Participants with pre-clinical mental health complaints will be 
recruited through the Netherlands Sleep Registry. Participants referred 
to general or specialized MHC will be recruited e.g., at Prezens, part of 
InGeest Mental Health Care, Amsterdam, The Netherlands (GGZ InGe
est) and at outpatient clinics of GGZ inGeest respectively. 

3.4. Screening 

A two-tier screening procedure will be employed. Inclusion and 
exclusion criteria will be assessed in an online screening available on the 
Netherlands Sleep Registry. Subsequently, a (video)call is scheduled to 
conduct the MDD, GAD, SAD, PD, PTSD and OCD sections of the M.I.N.I. 
[50]. 

3.5. Randomization 

Randomization is performed for each sub-trial separately, scripted in 
R and carried out by an independent researcher. Simple randomization 
is applied for the first 10 participants. Next, participants are assigned 
using covariate adaptive randomization to either the intervention group 
or the control group. Covariate-adaptive randomization, which is in line 
with the CONSORT statement [51], aims to minimize imbalance be
tween the two groups with respect to sex, age, baseline use of medica
tion (current, past, never), baseline scores of the ISI, RMT20, and BPD-C, 
the time or year of inclusion (week number), group size, as well as the 
location/site of referrals. 

3.6. Blinding 

Allocation to the intervention or control group will be performed by 
an independent researcher once a participant completes all baseline (T0) 
measurements. Guiding therapists will not be blind to the assigned 
group, as is common in research on psychotherapeutic interventions. 
The same applies to the researchers and research assistants responsible 
for maintaining contact with the participant. Self-report questionnaires 
will remain blinded. For analysis, all data (participant number, condi
tion) will be re-coded to ensure blinding. Only after analysis the 
meaning of the condition codes will be revealed. 

3.7. Assessment points and measures 

Repeated assessments take place at baseline (T0), during the 5–8- 
week intervention period, 2-month (T1) and 8-month follow up (T2). 
Interim assessments (Tinterim) take place at 4-, 5-, and 6-month. Table 1 
shows an overview of measurements at each time-point. The SPIRIT 
Checklist for this RCT is provided as part of the supplemental informa
tion (S1) [52]. 

3.8. Intervention 

The iCBT-I program used is i-Sleep. In line with European guidelines 
[23], i-Sleep is a multi-component treatment which includes psycho
education on sleep, establishing healthy sleeping behaviors by applying 
bedtime restriction and stimulus control, and addressing cognitive fac
tors associated with insomnia such as worrying and negative thoughts. i- 
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Fig. 1. Flowchart diagram: an overview the RCT study design. 
Abbreviations. GP: General practitioner; ASRD: Anxiety and stress-related disorders; AUDIT: Alcohol Use Disorders Identification Test; DUDIT: Drugs Use Disorders 
Identification Test; EEG: Electroencephalography; iCBT-I: internet-based Guided Cognitive Behavioral Therapy for Insomnia; ISI: Insomnia Severity Index; MHC: 
Mental health care; M.I.N.I: Mini International Neuropsychiatric Interview; OCD: Obsessive compulsive disorder; RMT20: Rapid Measurement-Toolkit 20. 
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Sleep consists of five sessions implemented on the Netherlands Sleep 
Registry (www.slaapregister.nl), introduced one by one in subsequent 
weeks (5–8 weeks), and daily sleep diary monitoring using the Slaap
monitor application. i-Sleep www.i-sleep.nl; [53] has been extensively 
validated [34,54,55]. For this study an adapted version of i-Sleep is used 
(i.e., case vignettes with people with comorbid psychiatric problems). 
Table 2 presents an overview of the sessions. Completing the sessions 
and exercises takes 10–30 min daily for 5–8 weeks. After each session 
online feedback is provided by a therapist. Feedback includes guidance 
and motivation for all exercises (Table 2) and incentive to keep a daily 
sleep diary. Therapists include psychologists and researchers, trained 
and supervised weekly by two experienced psychologists (JLa, TZ). First 
feedback sessions are monitored. Subsequently, feedback will be 
randomly checked to ensure protocol adherence and cohesion. Time 
spent on feedback is tracked for each session/participant, yet an in
vestment of approximately two hours of guidance per participant for the 
complete intervention is estimated. To promote session adherence, 
therapists keep to a standardized reminder protocol consisting of two 
online messages and one phone call per session. 

Participants allocated to the control group will receive care as usual 
and will maintain a daily sleep diary. To promote diary adherence, a 
weekly reminder e-mail is sent. Participants in the control group will be 
offered the opportunity to follow the i-Sleep program after completion of 
the study. 

3.9. Outcome measures 

3.9.1. Primary outcome measure 
The primary outcome of the study is insomnia severity at post-test (at 

T1 and T2 relative to T0), measured with the ISI [56]. The ISI consists of 
7 items scored on a 5-point Likert scale with higher scores indicating 
higher severity (ranging 0–28). We utilize a cut-off score of ≥10 to refer 
to clinical insomnia [41]. The questionnaire has adequate internal 
consistency (Cronbach’s α =0.74; Bastien, Vallieres [56]), is sensitive to 
change and has been validated for online assessment as well [57]. 

3.9.2. Secondary outcomes measures 

3.9.2.1. Sleep outcomes. Sleep efficiency, sleep onset latency, wake 
after sleep onset, number of awakenings, terminal wakefulness, total 
sleep time, and subjective sleep quality will be calculated from a daily 
sleep diary (S2) kept for 1 week based on the Carney consensus diary 
[58]. Our sleep diary is administered through the Slaapmonitor appli
cation. To monitor overnight dissolving of distress, participants are also 
asked to rate how they feel in terms of energy, sadness, anxiousness, and 
stress, each morning and evening (S2). A daily automatic reminder 
functionality is available. During T0, T1 and T2 participants will receive 
an e-mail followed by a call, if sleep diaries are neglected 

Objective sleep measurements are collected using ambulatory 
headband EEG (Zmax Lite, Hypnodyne) for four consecutive nights at 

Table 1 
Overview of enrolment, interventions, assessments and timepoints for study participants.   

Study period  

Enrollment Baseline Intervention Follow-up assessments 

Timepoint -t1 T0 Tintervention T1 Tinterim T2 

week number  1 3–7 11 20 24 28 37          

Enrollment         
Eligibility screen X        
Informed consent X        
Allocation  X       
Intervention         
iCBT-I (i-Sleep)   X      
Assessments  
AUDIT X        
BPD-C X X  X    X 
DUDIT X        
ISI X X  X    X 
M.I.N.I. X        
RMT20 X X  X    X 
SSDI  X       
Ambulatory EEG  X  X    X 
Cantrill’s Ladder  X  X    X 
Cohort questions  X       
CSD  X X X    X 
Demographics  X       
DERS-SF  X  X    X 
EuroQol (EQ-5D-5L)  X  X    X 
ITQ  X       
MCTQ         
MHQoL  X  X    X 
PLB  X  X    X 
PMH  X  X    X 
MCTQ  X       
rMEQ  X       
Treatment and medication  X  X X  X X 
Adverse events    X    X 
iPCQ iMCQ    X    X 
Sleep history      X   

Abbreviations. AUDIT: Alcohol Use Disorders Identification Test; DERS-SF: Difficulties in Emotion Regulation Scale – Short Form; DUDIT: Drugs Use Disorders 
Identification Test; EEG: Electroencephalography; ISI: Insomnia Severity Index; M.I.N.I: Mini International Neuropsychiatric Interview; iCBT-I: internet-based Guided 
Cognitive Behavioral Therapy for Insomnia; RMT20: Rapid Measurement-Toolkit 20; CSD: Consensus sleep diary; ITQ: Insomnia Type Questionnaire; BPD-C: ultra- 
short Borderline Personality Disorder Checklist; EuroQoL:, European Quality of Life Scale (also called the EQ-5D-5L); MCTQ: Munich Chronotype Questionnaire; 
MHQoL: Mental Health Quality of Life; PLB: Postive Lifestyle Behaviours; PMH: Positive Mental Health; iPCQ iMCQ: IMTA Productivity Cost Questionnaire and 
Medical Consumption Questionnaire; rMEQ: Reduced Morningness Eveningess Questionnaire; SSDI: Symptoms of Sleep Disorders other than Insomnia. 
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each timepoint, in the comfort of their own home (no assistance). Sleep 
parameters derived from the EEG measurements include sleep conti
nuity- and sleep architecture measures. EEG measurements are not 
mandatory in this study and thus performed voluntary. 

3.9.2.2. Severity of mental health symptoms. Severity of mental health 
symptoms is assessed with the RMT20 and BPD-C. The RMT20 assesses 
five different symptom clusters representing the diagnostic dimensions 
of MDD, GAD, SAD, PD and PTSD [42]. The BPD-C is a shortened version 
of the validated BPD checklist [43]. Emotion regulation will be assessed 
using the Difficulties in Emotion Regulation Scale – Short Form (DERS- 
SF). DERS-SF items covering the emotional awareness subscale are 
replaced by emotional awareness subscale items of the DERS-18 
[59,60]. Use of treatment and psychotropic medication will be moni
tored using a two-monthly questionnaire. For more information on 
secondary measures see S3. 

3.9.2.3. Daytime functioning, lifestyle, and wellbeing. The Positive 
Mental Health Scale (PMH) will be used to measure positive mental 
health. The Institute for Medical Technology Assessment (iMTA) Pro
ductivity Cost Questionnaire (iPCQ) and Medical Consumption Ques
tionnaire (iMCQ) measure productivity loses as well as medical 
consumption, which will be used for cost effectiveness analyses [61,62]. 
Quality of life will be assessed using the Mental Health Related Quality 
of Life (MHQoL) and the EuroQol questionnaire (EQ-5D-5L) [63,64]. 
Using Cantril’s ladder of life (CLL NL) [65], participants will score their 
personal wellbeing. Lifestyle behaviours supporting mental resilience 

will be assessed with the Protective Lifestyle Behaviours questionnaire 
(PLB) [66]. Occurrence of adverse events will be monitored using 5 
questions in both conditions at T1 and T2. Patients will be asked about 
events (i.e., falls) to investigate whether they relate to sleep duration 
and quality, as well as iCBT-I-imposed sleep restriction. 

3.9.2.4. Participant characteristics. Participant characteristics include: 
demographics, the Insomnia Type Questionnaire [67], the Munich 
Chronotype Questionnaire (MCTQ) [68], the Reduced Morningness 
Eveningess Questionnaire (rMEQ) [69], symptoms of sleep disorders 
other than insomnia (SSDI) [70] and the sleep history questionnaire 
[71]. The latter is administered at 5-months to prevent loss to follow up. 
All others are administered at baseline. For interpretability within large 
cohort studies, we include items of the 23andme, UK Biobank and 
Human Connectome Project (HCP) cohorts (S4). 

3.9.2.5. Process evaluation. A process evaluation will be conducted to 
collect experiences and understand the barriers and facilitators for 
adoption, implementation, and continuation of iCBT-I in daily clinical 
practice [75]. The RE-AIM framework will be used, which evaluates 
public health impact of health promotion interventions i.e.: Reach of 
different patient groups, Effectiveness, Adoption of the treatment among 
therapists, Implementation as well as adherence to the treatment, 
Maintenance of the treatment effects [72]. Table 3 presents an overview 
of its methods and objectives. Additional information is presented in the 
supplementary materials (S7). 

3.10. Power and sample size calculations 

Power and sample size calculations were based on estimates of ex
pected within-subject intraclass correlation coefficient (ICC) and the 
expected effect size of the intervention [73]. Based on our previous and 
similar RCT on i-Sleep, the expected within-subject ICC is 0.27 for 
insomnia severity [55]. An ICC of 0.27 was found for diary-derived sleep 
efficiency [58]. In absence of specific estimates for other outcomes, we 
will apply this estimate for the expected ICC of all outcome measures. 

The expected effect sizes of 1) iCBT-I on insomnia severity, and 2) the 
transsymptomatic effect of iCBT-I on the severity of psychiatric symp
tom dimensions, are discussed below. Notably, the trial has become 
feasible by a joint effort to standardize assessment and intervention of 
multiple smaller granted projects and some require reporting of 
subgroup-specific analyses. All additional information regarding 
subgroup-specific-, within MHC level and within-diagnosis analyses can 
be found in the supplementary materials (S5). 

3.10.1. Effect of iCBT-I on insomnia severity 
For our primary outcome, ISI, three assessments in each of 576 

participants, 288 in each treatment arm, yield a power of 0.80 to detect 
even a small effect of d = 0.177 (d = 0.2 is considered small) of the 
intervention on insomnia severity assessed at T1 and T2 relative to T0 at 
α =0.05. A secondary sleep outcome variable will be sleep efficiency 
calculated from the sleep diary [34] averaged for each of seven baseline 
(T0) nights, seven post-intervention nights (T1) and seven follow-up 
nights (T2). These 21 observations provide a power 1-beta of 0.80 to 
allow for the detection, at a significance of α =0.05, of even a smaller 
iCBT-I effect of d = 0.126. The sample size allows for a power of 0.80 to 
detect modification of effects of at least d = 0.353, according to the rule- 
of-thumb estimate that interactions require twice the main effect size in 
order to reach significance [74]. 

3.10.2. Transsymptomatic effect of iCBT-I on severity of psychiatric 
symptom dimensions 

Three assessments in each of 576 participants, yield a power of 0.80 
to detect small effects of d = 0.216 of the intervention on the severity of 
each psychiatric symptom dimension assessed at T1 and T2 relative to 

Table 2 
Content overview of i-Sleep sessions.  

Session Theme Procedures 

1 Psychoeducation on sleep, 
disordered sleep and sleep 
hygiene 

General guidelines about health and 
environmental factors influencing 
sleep are provided. 

2 Sleep restriction and stimulus 
control training 

For the sleep restriction: initial sleep 
window generation is the average 
total sleep time (TST) based on a one- 
week sleep diary (self-reported) with a 
minimal sleep window of five hours. 
The position of the sleep window is 
based on patient preference and 
tailored to their daily schedule, and 
sleep efficiency (SE) criteria include 
the extension of the sleep window 
with 15 min when SE = 85%; no 
decrease in window for failure to 
reach this criterion. Participants are 
also strongly advised against daytime 
napping, yet if this is not feasible for 
the participant daytime napping is 
limited to 20–30 min. The association 
of bed with sleeping is reinforced 
during the stimulus control training. 
Participants are instructed to reserve 
their bed for sleep and sex alone and 
are motivated to leave their bed after 
lying awake for 15 to 30 min. 

3 Rumination and relaxation 
techniques 

Various techniques are introduced: a 
15-min worry period; focusing on 
staying awake; blocking thoughts by 
continuously thinking of something 
else; and (audio) relaxation exercises. 

4 Cognitive restructuring To change misconceptions about 
sleep, participants are instructed to fill 
out thought-schemes and to change 
non-helping thoughts. 

5 Relapse prevention Summary of all prior sessions is 
provided. Participants are invited to 
reflect on their progress and instructed 
to create a toolbox/plan to prevent 
future relapse.  
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T0 at α =0.01. The chosen α level of 0.01 (0.05/5) may be more 
appropriate since we aim to repeat this analysis for five symptom di
mensions. Ancillary analyses evaluate whether iCBT-I enhances the 
subsequent mental health response to regular intervention. Aggregating 
across treatments, the sample size of 452 participants that will receive a 
regular treatment between T1 and T2 (unlikely for 124 pre-MHC par
ticipants who are not seeking or awaiting MHC) provide a power of 0.80 
to detect a small to medium effect of d = 0.305 of the insomnia inter
vention on the severity of each of the five disorder-characteristic 
symptom dimensions assessed at T2 relative to T0 at α =0.01. 

3.11. Statistical analyses 

Analyses will be carried out on an intention-to-treat principle ac
cording to CONSORT guidelines [51]. All outcome data will be modelled 
using linear mixed effect regression models (LMMs) to estimate all 

effects (time, of treatment allocation, of interaction of time by treatment 
allocation) and of modification of these variables by baseline variables. 
Questionnaire outcome measures have a two-level hierarchical data- 
structure: repeated measures across T0, T1 and T2 are nested within 
subjects. Sleep diary and sleep EEG outcome measures have a three-level 
hierarchical data-structure: assessments on individual days are nested 
within T0, T1 and T2, which are again nested within subjects. Primary 
analyses will be run with and without extreme outliers. These sensitivity 
analyses will be included in the results. 

See S6 for the regression model used for the primary outcome mea
sure. The same regression model applies to all other outcomes assessed 
at T0, T1 and T2. To explore effect modification by individual differ
ences in baseline mental health, interaction terms will be added to 
represent MHC level, baseline severity of symptoms of GAD, SAD, PTSD, 
PD, BPD and MDD. To explore effect modification by individual differ
ences in baseline expectation as well as compliance during the 

Table 3 
Overview of process evaluation objectives and methods using the RE-AIM framework.   

Study period  

Enrollment Baseline During intervention Follow-up assessments Continuous 

Timepoint -t1 T0 Tintervention T1 T2 Tcont. 

Week number  1 3–7 11 37  
Method Q Q SR IN TL Q IN Q FG FN 
Reach  
Evaluating the procedures of recruiting participants  X        X 
Determining reasons for joining, continuing with, or opting out 

of the intervention among participants  
X  X  X X X  X 

Determining participant characteristics, e.g., demographics and 
mental health 

X X    X  X  X 

Effectiveness  
Evaluating the effectiveness of the intervention on sleep quality, 

sleep environment and quality of life  
X    X X X  X 

Determining dose-response analyses between degree of 
adherence and effectiveness   

X X X     X 

Determining satisfaction, views, and experiences with the 
intervention among participants    

X  X X X  X 

Determining satisfaction, views and experiences with the 
intervention and provided training/support among therapists/ 
supervising experts 

X    X    X X 

Adoption  
Determining therapists’/ supervising experts’ characteristics, e. 

g., demographics, skills, and experience 
X         X 

Determining reasons among supervising therapists/ experts for 
joining, continuing with, or opting out of using the 
intervention 

X        X X 

Implementation  
Determining treatment adherence among participants, e.g., 

completed sessions and assignments (fidelity)   
X X X X X X  X 

Determining the degree in which the intervention protocol has 
been followed by therapists/ supervising experts (fidelity and 
dosage)   

X  X    X X 

Determining the use (dosage and fidelity) of provided training/ 
support regarding the program among therapists/ supervising 
experts   

X  X    X X 

Maintenance  
Evaluating the long-term effectiveness of the intervention on 

sleep quality, sleep environment and quality of life      
X X X  X 

Determining which elements of the intervention were viewed as 
helpful and unhelpful for long term change among 
participants      

X X X  X 

Evaluating the long-term use of the intervention among 
therapists/ supervising experts         

X X 

Determining future activities and intention to use the 
intervention      

X X X X X 

Overall  
Identifying recommendations for improvement of the 

intervention and implementation support beyond the research 
setting.    

X   X  X X 

Identifying perceived barriers and facilitators to the adoption, 
implementation and continuations of the intervention    

X   X  X X 

The RE-AIM framework [72] evaluates public health impact of health promotion interventions. Abbreviations. FG: Focus group with therapists and supervising experts; 
FN: Field notes; Q: Questionnaire(s); IN: Interview with participants; SR: the Netherlands Sleep Registry; TL: Therapist Logs. 
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intervention, interaction terms will be added to represent these variables 
to estimate the moderating effect of these characteristics (S5). As
sumptions underlying analyses will be checked and reported. Analyses 
will be carried out in R. 

4. Conclusion 

With this trial we aim to move beyond merely assessing effectiveness 
of guided iCBT-I treatment: we aim to shed light on the complex inter
action of insomnia with mental health morbidity and treatment efficacy. 

Strengths of this study are its design and pragmatic approach. Vacant 
waiting list time is utilized before people commence treatment. Lenient 
inclusion criteria provide a closer representation of patient populations 
encountered in real clinical practice. The internet-based nature makes 
the treatment suitable for those experiencing a high barrier towards 
face-to-face treatment. Moreover, sleep parameters are assessed objec
tively and subjectively. The phone application and the at home EEG 
measurements minimizes daily burden on participants, and burden on 
practitioners willing to refer their patients is also minimized (if any at 
all). Results of the process evaluation can be used for health policy de
cision making and a fast and sustainable upscaled implementation of the 
intervention in real-world practice when proven effective. 

The choice of population could be a potential limitation of this study, 
since people with emotional distress may not have the capacity or 
motivation to enrol in a study, having to meet extra requirements and 
perform tasks. We aim to meet this challenge by offering support 
wherever needed. 

Our trial will obtain insight in relative effectiveness of guided iCBT-I 
across mental health morbidities and MHC. We hypothesize that restless 
sleep could impair overnight alleviation of emotional distress [15,16], 
and aim to gain knowledge on how insomnia contributes to other mental 
disorders. With iCBT-I being an accessible and affordable, the embedded 
process evaluation can contribute to the intended sustainable and im
mediate implementation in real-world clinical practice - when proven 
effective. Results of this study could have a great potential to improve 
care for many people with mental health complaints, for whom better 
nights could mean substantially better days. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.cct.2023.107122. 
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