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A B S T R A C T

Background: Comorbid sleep disturbances are common among individuals with chronic pain, and Cognitive 
Behavioural Therapy for Insomnia (CBT-i) has proven effective for such individuals. Nonetheless, research on 
web-based CBT-i tailored for patients with both chronic pain and insomnia is limited. This study aimed to 
evaluate the feasibility and efficacy of internet-based CBT-i and to explore potential mechanisms underlying 
treatment outcomes.
Methods: In this study, 85 participants suffering from comorbid insomnia and chronic pain were randomized into 
two groups: Internet-based CBT for Insomnia (ICBT-i) and Internet-based Applied Relaxation (IAR). Both in
terventions spanned eight weeks, supported by therapeutic guidance throughout.
Results: Participation was modest, with an average module completion of 2.0 out of 8 for ICBT-i and 2.4 for IAR. 
Both interventions significantly alleviated insomnia symptoms on one of the insomnia measures post-treatment, 
without notable differences between them. Directly after treatment, IAR outperformed ICBT-i in reducing pain 
interference, anxiety, and in enhancing self-rated health, though these differences lessened at the 6-month 
follow-up. Potential therapeutic mechanisms may involve attenuating maladaptive sleep beliefs and augment
ing sleep-related willingness.
Conclusions: The study encountered low engagement rates, with approximately one-third of participants not 
completing any module. The limited efficacy of ICBT-i may be due to low treatment involvement, with few 
patients completing key techniques like sleep compression and stimulus control. Despite the low adherence, both 
interventions yielded post-treatment improvements in insomnia symptoms, but to establish internet-based 
treatments for insomnia as a viable option in chronic pain management, patient engagement must be improved.

1. Introduction

Chronic pain and sleep disturbances are both prevalent and debili
tating conditions (Smith and Haythornthwaite, 2004), with chronic pain 
affecting approximately 20 % of the population (Breivik et al., 2006; Vos 
et al., 2016). Among individuals with chronic pain, over 70 % experi
ence sleep disturbances (Sun et al., 2021). Those suffering from both 
pain and sleep disturbances report higher levels of pain, increased 
disability, and elevated levels of depression and anxiety compared to 
those without sleep disturbances (Husak and Bair, 2020).

Cognitive behavioural therapy for insomnia, CBT-i (Morin et al., 

2006), has been demonstrated to be effective in treating comorbid 
insomnia (Geiger-Brown et al., 2015; Wu et al., 2015; Zhou et al., 2020; 
Hertenstein et al., 2022; Blom et al., 2024). Specifically, CBT-i has 
shown both short- and long-term benefits for sleep quality in patients 
with comorbid insomnia and chronic pain (Selvanathan et al., 2021; 
Climent-Sanz et al., 2022). Internet-based CBT-i, ICBT-i, has emerged as 
a viable alternative to traditional CBT-i (Zachariae et al., 2016; Simon 
et al., 2023). However, the efficacy in patients with concurrent chronic 
pain remains underexplored, as the application of ICBT-i in this popu
lation has not yet been extensively studied. Recent evidence suggests 
that ICBT-i significantly improves insomnia severity and various sleep 
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parameters (e.g., sleep efficiency, sleep onset latency) more rapidly than 
applied relaxation therapy. Nevertheless, by the 6-month follow-up, 
both treatments demonstrated similar improvements in sleep, with no 
significant effects observed on pain-related outcomes (Wiklund et al., 
2022).

Although CBT-i is widely regarded as the first-line treatment for 
chronic insomnia (Riemann et al., 2017; Qaseem et al., 2016), there is a 
need for effectiveness and implementation trials that examine potential 
barriers within routine care settings (Koffel et al., 2018). Such trials are 
crucial for supplementing the existing knowledge base, particularly 
regarding the diverse patient population typically encountered in stan
dard care (Baglioni et al., 2020). Additionally, it has been challenging to 
demonstrate positive effects of computer-based interventions on patient- 
reported outcomes for individuals with chronic pain (Vugts et al., 2018).

Several theories suggest that cognitive processes sustain insomnia 
(Espie, 2002; Harvey, 2002; Lundh and Broman, 2000; Morin, 1993). 
The research on mechanisms of CBT for insomnia and its mediator ef
fects is relatively sparse, but generally suggests that alterations in 
cognitive factors — such as modifying dysfunctional beliefs and atti
tudes about sleep — are more significant predictors of CBT-i effective
ness than factors such as hyperarousal (Altena et al., 2023). For instance, 
maladaptive beliefs have been shown to mediate symptom improvement 
post-CBT-i (Parsons et al., 2021), and a recent meta-analysis found re
ductions in maladaptive beliefs to be associated to improvements in 
insomnia severity (Nielson et al., 2023). Treating chronic pain with 
therapies aimed at acceptance has been shown effective (Lai et al., 
2023). Acceptance is also linked to sleep quality in individuals with 
chronic pain (McCracken et al., 2011). In addition, in CBT-i, acceptance 
of sleep problems has been suggested as a mechanism of change (Blom 
et al., 2016a). In the context of insomnia co-occurring with chronic pain, 
research on treatment-specific mechanisms is very scarce, and further 
exploration of the underlying processes of therapeutic effects is advo
cated (McCrae et al., 2019). As outlined above, dysfunctional beliefs and 
acceptance are two plausible candidates.

Given the limited research on ICBT-i in the context of chronic pain, 
particular in real-world clinical setting, this study aimed to assess the 
feasibility and effectiveness of ICBT-i for patients with chronic pain and 
insomnia in a routine care environment at a university hospital pain 
clinic; to confirm that specific effects of CBT-i also are found in this 
setting and patient group, and to explore dysfunctional beliefs and sleep 
problem acceptance as potential mechanisms of treatment. It was hy
pothesized that ICBT-i would be feasible in this setting and lead to sig
nificant reductions in insomnia symptoms compared to an active control 
treatment seen as credible and relevant for patients with chronic pain.

2. Methods

2.1. Design, procedure and random allocation

In this RCT at a university hospital pain clinic, 85 participants with 
insomnia and chronic pain were randomized into two insomnia treat
ment groups. Evaluations occurred pretreatment, post-treatment, and at 
6-month follow-up. The primary endpoint was at post-treatment. The 
study was ethically approved (Uppsala Ethics Review Board, Dnr: 2016/ 
510) and registered (ClinicalTrials.gov ID: NCT03075683). Aiming for 
an effect size of 0.8 on the ISI with 80 % power and 0.05 significance 
level (Zachariae et al., 2016; Morin et al., 2006), the design required 30 
participants per condition, accounting for 25 % attrition, thus totalling 
at least 80 participants. Randomization was conducted using a list pre- 
generated by the last author through random.org, secured and 
accessed by the first author. The study was non-blinded.

2.2. Participants

Eligible patients were those who were visiting the pain clinic for the 
first time within a designated 90-week period. They were initially 

informed about the study through written communication, followed by a 
phone call for those who did not respond. Patients who expressed in
terest were provided with comprehensive study details, consented via a 
secure website, and completed a screening questionnaire. Subsequent 
assessments to determine eligibility were conducted through semi- 
structured telephone interviews. The inclusion criteria were as fol
lows: adults aged 18 years or older, diagnosed with insomnia according 
to the American Academy of Sleep Medicine research criteria (Edinger 
et al., 2004), a score of over 10 on the Insomnia Severity Index (ISI) 
(Bastien et al., 2001), chronic benign pain (IASP, 1986), no pharmaco
logical treatment for insomnia or pain, or stable treatment for at least 
two months, sufficient proficiency in Swedish, and the practical ability 
to participate in the study. Exclusion criteria included the presence of 
other comorbid disorders that required different treatments or could be 
adversely affected by sleep restriction, substance abuse, shift work or 
employment with high safety requirements for sustained attention, 
pregnancy, and prior receipt of CBT-i or current participation in a pain 
management program. The risk of substance abuse was assessed using 
the Alcohol Use Disorders Identification Test (AUDIT) (Saunders et al., 
1993) and the Drug Use Disorders Identification Test (DUDIT) (Berman 
et al., 2005). Patients who were excluded from the study were referred 
to appropriate care as needed. After completing the pre-assessment, 
participants were randomly assigned to one of two conditions: ICBT-i 
or Internet-based Applied Relaxation (IAR), as well as to one of two 
therapists. See Fig. 1 for the flow-chart detailing the recruitment process 
of the study.

2.3. Measures

2.3.1. Primary outcome
Feasibility was assessed through treatment adherence, gauged by the 

completion rate of modules per participant, alongside evaluations of 
treatment credibility and expectancy, which can positively influence 
adherence and feasibility. Treatment efficacy was evaluated using the 
Insomnia Severity Index (ISI), a 7-item, 0–4 graded self-report scale 
(total score range: 0–28, higher scores denoting greater insomnia 
severity), with adequate psychometric properties and sensitivity to 
change (Bastien et al., 2001).

2.3.2. Secondary outcomes
Eight self-report scales were used as secondary outcomes to assess 

the effectiveness of ICBT-i: the Bergen Insomnia Scale (BIS), the Brief 
Pain Inventory-Short Form (BPI-SF), the Montgomery-Åsberg Depres
sion Rating Scale – Self (MADRS-S), the Generalized Anxiety Disorder 
scale-7 (GAD-7), the Work and Social Adjustment Scale (WSAS), the 
Brunnsviken Brief Quality of Life Questionnaire (BBQ), the Clinical 
Outcomes in Routine Evaluation-Outcome Measure 10 (CORE-10), and 
the Self-rated health-5 (SRH-5).

The BIS is a validated tool for assessing insomnia, with scores 
ranging from 0 to 42 indicating severity; higher scores suggest greater 
impairment (Pallesen et al., 2008).

The Brief Pain Inventory-Short Form (BPI-SF), an 11-item question
naire, assesses both pain severity (4 items, 0–40) and pain interference 
(7 items, 0–70), with higher scores indicating greater pain and inter
ference). The BPI-SF is widely endorsed as a reliable outcome measure 
for chronic pain trials (Cleeland and Ryan, 1994; Dworkin et al., 2005).

The MADRS-S is a validated nine-item scale for depressive symptom 
severity (Svanborg and Asberg, 1994), showing high correlation with 
other depression scales (Svanborg and Asberg, 2001), and the expert- 
rated version (Mattila-Evenden et al., 1996). Scores range from 0 to 
27, with higher scores denoting greater symptom severity.

The GAD-7 scale is a validated seven-item instrument that quantifies 
anxiety on a 0–21 scale, indicating severity (Spitzer et al., 2006).

Initially designed for generalized anxiety disorder screening (Lowe 
et al., 2008), the GAD-7 is now widely used in research and clinical 
practice due to a balanced assessment of cognitive and somatic 
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symptoms and strong convergent and discriminant validity across 
various anxiety and mood disorders (Rutter and Brown, 2017; Johnson 
et al., 2019).

The WSAS, comprising five self-reported items, assesses functional 
impairment due to health issues, scoring between 0 and 40 where lower 
scores signify lesser impairment (Mundt et al., 2002). It demonstrates 
satisfactory psychometric validity in insomnia patients (Jansson-Froj
mark, 2014).

Quality of life measurement employed the BBQ, a 12-item tool with 
scores 0–48, where higher scores denote greater life satisfaction, vali
dated for psychometric reliability (Lindner et al., 2016).

The CORE-10, a ten-item scale, quantifies psychological distress with 
scores from 0 to 40, where higher scores indicate increased distress 
(Barkham et al., 2013).

Self-rated health-5 (SRH-5) employs a single-item scale for personal 
health assessment, ranging from 1 (‘very good’) to 5 (‘very poor’) 
(Eriksson et al., 2001). It possesses reliable psychometric qualities 
(DeSalvo et al., 2006), and effectively forecasts future health and mor
tality (Desalvo and Muntner, 2011).

2.3.3. Putative mechanisms
Two self-report measures were employed to assess putative mecha

nisms: the Sleep Problem Acceptance Questionnaire (SPAQ) and the 
Dysfunctional Beliefs and Attitudes About Sleep Scale – 10 (DBAS-10).

The SPAQ, an eight-item tool with subscales for willingness (SPAQ 
WILL) and activity engagement (SPAQ ACT), scores from 0 to 48, where 
higher scores indicate greater acceptance of sleep issues. It demonstrates 
satisfactory psychometric validity (Bothelius et al., 2015).

Fig. 1. Flowchart of study recruitment.
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The DBAS-10, a ten-item scale assessing insomnia cognitions, ranges 
from 0 to 100, with higher scores indicating stronger unhelpful beliefs. It 
is psychometrically sound (Espie et al., 2000).

2.3.4. Treatment credibility, expectancy, and safety monitoring
Treatment credibility and expectancy was assessed using the five- 

item Credibility/Expectancy Questionnaire (CEQ) with 11-point items 
(0–10), totaling 0–50 points; scores above 30 suggest adequate credi
bility (Borkovec and Nau, 1972). The CEQ has been validated for psy
chometric quality (Devilly and Borkovec, 2000).

Data on adverse events (AEs) were collected using a standardized 
side-effects checklist and interference scale (Kyle et al., 2011). Partici
pants were also encouraged to voluntarily report any harms or unin
tended effects during treatment sessions.

All outcomes were administered at pre-, post-, and follow-up as
sessments, except for the CEQ and AEs, which were assessed only at post- 
assessment.

2.4. Intervention

The ICBT-i program adheres to a rigorously researched manual 
(Jernelov et al., 2012; Blom et al., 2015b; Blom et al., 2015a; Kaldo 
et al., 2015a; Forsell et al., 2019; Kaldo et al., 2020) showing sustained 
effects after three and ten years (Blom et al., 2016b; Blom et al., 2017; 
Jernelov et al., 2022) which is also used in regular clinical practice at the 
Internet Psychiatry unit since 2017 (internetpsykiatri.se). The manual 
incorporates essential practices such as sleep restriction, stimulus con
trol, and cognitive restructuring. The treatment for the ICBT-i group was 
organized into modules addressing various components of cognitive- 
behavioural therapy, including psychoeducation on sleep and 
insomnia, sleep diary tracking, sleep rhythm management, relaxation 
techniques, mindfulness, acceptance, thought management, and sleep 
hygiene. The intervention is tailored to chronic pain through clinical 
cases to exemplify how a patient with pain could anticipate and expe
rience for instance going through sleep restriction therapy, and adjust
ments in the description of some techniques, for instance incorporating 
pain experiences in the description of relaxation techniques and 
acceptance exercises. None of the treatment techniques were funda
mentally altered. ACT principles and exercises are incorporated in 
module four, focusing on accepting difficulties and non-perfection, and 
in module seven where more advanced techniques such as radical 
acceptance, are introduced. It parallels an internet-based applied 
muscular relaxation control, IAR, which emphasises the practical 
application of relaxation techniques (Da Cunha Meneses and Tingstam, 
2015). The modules in this group covered extended relaxation, 
abdominal breathing, full-body relaxation, short and conditioned 
relaxation, and active and quick relaxation. Both interventions are 
structured into eight text-based modules delivered over eight weeks 
through a secure online platform, detailed in Supplementary Table S1. 
The first module is made available at the start of treatment, and each 
following module is made available after the patient has sent in the 
homework from the previous module. Treatment support for both 
groups was provided by six psychology students in their final year of 
training, all of whom had completed clinical training in CBT. These 
students received specialized training and clinical supervision from one 
of the authors (MJF), who also oversaw treatment integrity. To ensure 
consistency in treatment delivery, standardized protocols were used, 
and therapists received ongoing supervision and monitoring. Therapist 
activities were continuously recorded to maintain treatment fidelity 
throughout the study. Treatment support included feedback on home 
assignments, opportunities to ask questions, and motivational 
enhancement. Responses to messages were typically provided within 
one to two working days, and no additional treatment information 
beyond what was outlined in the treatment manual was given. 
Communication was primarily maintained through an integrated 
messaging system. To encourage adherence, participants who were 

inactive for seven consecutive days received a reminder via text mes
sage. If inactivity persisted for another day, a phone call was made, and 
if necessary, further attempts to contact the participant were made every 
second day for up to one month. Adverse events or unintended effects 
were documented if reported by participants during their interactions 
with therapists.

2.5. Statistical analyses

Statistical analyses were conducted using SPSS version 27 (SPSS Inc., 
Chicago, IL), employing an intention-to-treat methodology. Sensitivity 
analyses using all study variables at baseline (socio-demographic and 
clinical variables) were executed for each outcome measure and miss
ingness (yes/no) before the main analyses were performed; none of the 
variables were significantly associated with the outcomes or missing
ness. The main analyses, as described below, were thus performed 
considering data missingness.

Treatment effects were assessed using multilevel modelling, initially 
to explore the overall effect of time (combining both groups), followed 
by the inclusion of a group variable to evaluate the group-time in
fluences on continuous outcomes across treatment phases. In keeping 
with the intention-to-treat principle, all missing values at post-treatment 
and follow-up were imputed with multiple imputation using the pre
treatment assessment. The two interventions (ICBT-I and IAR) were 
compared using two piecewise models – from pre- to post-treatment and 
from post-treatment to follow-up – to capture change during the active 
treatment period and during the period following the completion of the 
interventions. To correct for using two sets of models, the p-value was 
corrected by dividing the traditional p-value of 0.05 by 2 (Schulz and 
Grimes, 2005; Streiner, 2015); the p-value that was used as the criterion 
for statistical significance for the outcomes in this study was thus 0.025. 
Parameter estimation was achieved via the maximum likelihood method 
with an unstructured covariance approach. Analysis proceeded 
sequentially from a simple fixed intercept model, through models 
incorporating random effects (intercept and slope), to those including a 
group-time interaction, using likelihood ratio tests for model 
comparison.

The putative mechanisms were analysed in an identical manner as 
the primary and secondary outcomes, i.e., using multilevel modelling to 
explore between- and within-group changes from pre- to post-treatment 
and from post-treatment to follow-up. Traditional mediation analysis 
was not performed since the study did not pursue testing mediational 
hypothesis from the outset. Also, our small sample size would likely be 
underpowered to test indirect effects. Despite this, it is possible that the 
results from this trial may inform future study designs to conduct 
mediation analysis.

Cohen's d was employed to calculate within-group effect sizes from 
pre- to post-treatment and from post-treatment to follow-up (pretreat
ment minus post-treatment or follow-up/pooled standard deviation) as 
well as between-group effect sizes at post-treatment and follow-up (post- 
treatment or follow-up for ICBT-i minus post-treatment or follow-up for 
IAR/pooled standard deviation). Effect sizes were interpreted in line 
with guidelines: effect sizes of 0.2–0.49 were considered small, 0.5–0.79 
as moderate, and >0.8 as large (Cohen, 1988).

3. Results

Out of 1359 eligible patients initially contacted, 85 participants were 
ultimately included and randomized into the two study conditions: 42 in 
the ICBT-i group and 43 in the IAR group. In Table 1, socio-demographic 
and clinical parameters are presented for the two groups separately. The 
average age was 48 years, with a higher percentage of females in the 
ICBT-i group (81 %) compared to the IAR group (61 %). Most partici
pants were married, cohabiting, or had a partner, with higher education 
levels being fairly evenly distributed across both groups. Employment 
status varied, with a significant portion on sick leave or disability 
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pension.

3.1. Primary outcome measure

3.1.1. Treatment adherence
Treatment adherence, measured as the average number of modules 

completed per participant, was low in both the ICBT-i and IAR cohorts, 
with participants completing an average of 2.0 out of 8 modules (SD =
2.5) in the ICBT-i group and 2.4 modules (SD = 2.9) in the IAR group. 
Statistical analysis indicated no significant difference in adherence be
tween the two groups (t = 0.67, p = 0.508). Details on module 
completion are presented in Supplementary Table S2. Completion of all 
eight modules was rare, with only 4.8 % of participants (n = 2) in the 
ICBT-i group and 9.3 % (n = 4) in the IAR group achieving this.

Additionally, a substantial proportion of participants did not initiate 
any modules, with 31.0 % (n = 13) in the ICBT-i group and 32.6 % (n =
14) in the IAR group, showing no significant difference between the 
groups (χ2 = 0.29, p = 0.591). Non-initiation, regardless of treatment 
group, was significantly associated with lower baseline quality of life 
(BBQ) and activity engagement (SPAQ ACT). Specifically, non-initiators 
had lower quality of life scores [M = 30.2 (SD = 17.7)] and lower ac
tivity engagement scores [M = 8.6 (SD = 4.4)] compared to those who 
completed at least one module [quality of life: M = 46.5 (SD = 20.7); 
activity engagement: M = 11.3 (SD = 6.3)]. Other socio-demographic 
and outcome variables were not significantly associated with initiation 
status.

3.1.2. Treatment effect
Descriptive statistics, including means, standard errors, and standard 

deviations, alongside effect sizes for both groups at pretreatment, post- 
treatment, and 6-month follow-up, are delineated in Tables 2 and 3.

Table 2 reveals a time effect on subjective sleep problems (p = 0.44, 
not meeting the corrected significance threshold) [ISI (ICBT-i: d = 1.49; 
IAR: d = 2.00)] from pre- to post-treatment for both groups combined, 
along with a non-significant interaction effect (d = 0.14). From post- 
treatment to follow-up, both time and interaction effects for subjective 
sleep problems were not statistically significant, exhibiting negligible to 
small effect sizes as shown in Table 3.

3.2. Secondary outcome measures

Between pre- and post-treatment, a statistically significant time ef
fect on insomnia-specific sleep issues measured by the BIS (p = 0.019) 

was observed without a significant interaction effect (see Table 2). 
Overall, two statistically significant interaction effects emerged: pain- 
related interference (BPI interference subscale, p = 0.003), and anxi
ety severity (GAD-7, p = 0.010), with IAR demonstrating statistically 
significantly more substantial reductions in pain-related interference 
and anxiety severity than ICBT-i. The effect sizes for these between- 
group differences ranged from small to large (d = 0.38–0.92). No sta
tistically significant time or interaction effects were found for the other 
secondary outcomes.

From post-treatment to follow-up, analyses revealed a non- 
significant within-group time effect on pain interference (p = 0.046) 
for both groups combined, along with two statistically significant 
interaction effects (detailed in Table 3). Specifically, the ICBT-i group 
exhibited a statistically significantly better outcomes in pain interfer
ence (p = 0.033) and psychological distress (p = 0.012), attributed to 
stability in the ICBT-i group versus worsening in the IAR group from 
post-treatment to follow-up. The effect size for between-group differ
ences in psychological distress was negligible. No statistically significant 
time or interaction effects were noted for the other secondary outcomes.

Concerning treatment credibility and expectancy, both groups ach
ieved adequate ratings (ICBT-i: M = 31.9, SD = 10.6; IAR: M = 32.4, SD 
= 8.2), and there was no statistically significant difference between the 
two groups post-treatment (t = 0.17, p = 0.869). In the ICBT-i group, 
57.9 % (11 of 19) of participants reported at least one adverse event 
(AE), compared to 37.5 % (6 of 16) in the IAR group, with no statistically 
significant difference between the groups (χ2 = 1.45, p = 0.23). The 
mean number of AEs was 5.53 (SD = 7.10) in the ICBT-i group and 4.31 
(SD = 9.8) in the IAR group, with no significant difference observed 
between the groups (Student's t: p = 0.67; Mann-Whitney U: p = 0.20). 
The lack of significant differences may be attributed to the small sample 
size and high attrition rates.

3.2.1. Completer analyses
Individuals were classified as treatment completers upon completing 

four modules or more and thus engaging with the principal in
terventions, namely sleep restriction and stimulus control, in the ICBT-i 
framework. Collectively, analyses comparing completers to the entire 
sample cohort indicate a trend where individuals who completed ICBT-i 
exhibited more favourable outcomes at follow-up assessment compared 
to those who completed IAR, although this difference was not observed 
at post-treatment, see Supplementary Table S3.

3.3. Putative mechanisms

Between pre- and post-treatment, a statistically significant time ef
fect was found solely for insomnia-related beliefs (DBAS, p = 0.021), as 
shown in Table 2. No other significant time or interaction effects were 
observed across the three proposed mechanisms: willingness (SPAQ 
WILL), activity engagement (SPAQ ACT), and insomnia-related beliefs 
(DBAS-10). From post-treatment to follow-up, a statistically significant 
time effect emerged for willingness (p = 0.006) alone (d = 0.40; d =
1.10), with no other significant time or interaction effects for the three 
mechanisms.

4. Discussion and conclusions

This study evaluated the feasibility and effectiveness of ICBT-i in 
patients with chronic pain and insomnia at a university hospital pain 
clinic. Although the treatment showed satisfactory levels of credibility 
and expectancy, as reflected by SEQ scores above 30, treatment adher
ence was low, with only a small minority of participants completing all 
eight treatment modules. Approximately one-third of participants did 
not initiate any modules, and overall module completion rates in the 
ICBT-i group were lower compared to previous studies involving other 
patient populations (Blom et al., 2015b; Blom et al., 2015a; Kaldo et al., 
2015a), This finding raises concerns about the feasibility of ICBT-i for 

Table 1 
Descriptive statistics for the 85 study participants.

ICBT-i (n =
42)

IAR (n =
43)

Age, years [M (SD)] 48.8 (10.8) 47.7 (13.6)
Gender (% female) 81 % 61 %
Civil status Married, cohabitant or 

partner
69 % 81 %

Divorced or widowed 5 % 7 %
Single 26 % 12 %

Education Compulsory school 12 % 7 %
High school 41 % 49 %
College or university 38 % 42 %
Other 10 % 2 %

Occupational 
status

Working or student 48 % 37 %
Sick leave or disability 
pension

50 % 49 %

Unemployed 2 % 7 %
Retired 14 % 23 %
Other 2 % 2 %

Note. ICBT-i = Internet-based Cognitive Behavioural Therapy for Insomnia, IAR 
= Internet-based Applied Relaxation. The percentages for occupational status do 
not add up to 100 %, due to several participants reporting multiple occupational 
roles.
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this specific patient group. Additionally, non-initiation was significantly 
linked to lower baseline quality of life and activity engagement, while 
other socio-demographic and outcome variables showed no significant 
association with initiation status.

The study showed a reduction in insomnia severity from pre- to post- 
treatment for the total sample, and particularly in the secondary 
insomnia measure (BIS). However, this reduction did not reach statis
tical significance for the primary outcome measure after adjusting the 
significance level, and no specific effect of ICBT-i on insomnia severity 
could be confirmed. The lack of specific effects could be due to problems 
with feasibility and treatment engagement, discussed more below. 
Notably, IAR outperformed ICBT-i in improving pain interference, 
anxiety, and self-rated health. However, the disparity in pain interfer
ence between groups narrowed at follow-up, attributed to ICBT-i gains 
and IAR regressions, aligning with the enduring efficacy of CBT-i (van 
der Zweerde et al., 2019), and the well-known post-treatment waning of 
relaxation benefits (Vambheim et al., 2021). Relaxation therapy is his
torically supported for insomnia treatment (Morin et al., 2006), but with 
low evidence quality (Edinger et al., 2021) and questioned by newer 
research (Furukawa et al., 2024). However, relaxation is effective in 
non-pharmacological pain management, (Vambheim et al., 2021), 

benefiting those with insomnia and daytime impairments (Lichstein 
et al., 2001), which could explain the positive impact on secondary 
measures in this study.

Insomnia-related beliefs and willingness exhibited significant time 
effects, indicating improvements from pretreatment to post-treatment 
and from post-treatment to follow-up, respectively, without notable 
differences between treatments. This raises the possibility that re
ductions in dysfunctional sleep beliefs, alongside increased willingness 
to accept sleep problems, may contribute to these outcomes, hinting at 
the possibility that diminishing the struggle against sleep difficulties is 
beneficial (Bothelius et al., 2015). These observations are consistent 
with recent reviews highlighting the association between decreased 
dysfunctional beliefs about insomnia and improved sleep outcomes 
(Nielson et al., 2023).

ICBT-i for chronic insomnia without comorbid pain shows high rates 
of non-completers, around 25 % (Zachariae et al., 2016). However, 
among patients with chronic pain, attrition is a problem not only in 
internet-based treatments; the non-completer rates in face-to-face 
chronic pain management programmes range from 10 % to over 50 % 
(Oosterhaven et al., 2019). Despite recommendations (Turk and Rudy, 
1990), addressing non-completion in pain treatment studies remains 

Table 2 
Estimated marginal means, standard errors, and effect sizes for the treatment outcomes and putative mechanisms – from pre-treatment to post-treatment.

Group Pre- 
treatment

Post- 
treatment

Time (both groups 
combined)

Time × Group Within-group effect sizes: from 
pretreatment to post-treatment

Between-group effect 
sizes (95 % CI): post- 
treatment

M (SD) M (SD) B SE p B SE p d d

ISI ICBT- 
i

19.1 (2.7) 14.1 (4.0) − 0.44 0.21 0.044 − 0.06 0.14 0.645 1.49 0.14 (− 0.29 to − 0.56)

IAR 19.2 (2.3) 13.6 (3.3) 2.00
BIS ICBT- 

i
28.6 (8.0) 20.8 (9.3) − 0.81 0.34 0.019 0.04 0.22 0.870 0.90 0.14 (− 0.29 to − 0.57)

IAR 27.0 (9.1) 19.6 (8.9) 0.82
Pain severity: 

BPI
ICBT- 
i

24.5 (4.9) 22.5 (5.2) 0.05 0.26 0.858 − 0.25 0.17 0.155 0.40 0.61 (0.17 to − 1.04)

IAR 23.6 (5.6) 19.1 (5.9) 0.78
Pain 

interference: 
BPI

ICBT- 
i

43.3 (14.9) 42.2 (15.1) 0.86 0.48 0.079 − 0.97 0.31 0.003 0.07 0.38 (− 0.06 to − 0.80)

IAR 47.0 (17.0) 36.3 (16.3) 0.64
MADRS-S ICBT- 

i
19.6 (7.6) 16.6 (7.8) − 0.17 0.28 0.555 − 0.13 0.18 0.461 0.39 0.41 (− 0.03 to − 0.83)

IAR 17.9 (8.2) 13.5 (7.5) 0.56
GAD-7 ICBT- 

i
7.7 (5.1) 7.2 (4.0) 0.20 0.15 0.177 − 0.24 0.09 0.010 0.11 0.89 (0.44 to − 1.33)

IAR 6.8 (4.9) 3.9 (3.4) 0.70
WSAS ICBT- 

i
23.8 (6.8) 19.9 (7.6) − 0.31 0.36 0.396 − 0.08 0.23 0.730 0.54 0.03 (− 0.40 to − 0.45)

IAR 24.4 (6.5) 19.7 (7.2) 0.69
BBQ ICBT- 

i
38.6 (21.4) 44.5 (19.4) 0.75 0.91 0.416 − 0.15 0.58 0.794 0.29 − 0.21 (− 0.63 to − 0.22)

IAR 44.0 (20.0) 48.4 (17.7) 0.23
CORE-10 ICBT- 

i
16.5 (4.9) 14.7 (5.0) − 0.02 0.26 0.937 − 0.17 0.17 0.332 0.36 0.81 (0.36 to − 1.24)

IAR 14.3 (4.8) 10.7 (4.9) 0.74
Self-rated 

health
ICBT- 
i

1.5 (0.5) 1.6 (0.6) − 0.05 0.04 0.249 0.06 0.03 0.048 0.18 − 0.92 (− 1.36 to − 0.46)

IAR 1.5 (0.6) 2.2 (0.7) 1.08
SPAC ACT ICBT- 

i
10.2 (4.7) 11.7 (3.9) 0.09 0.22 0.692 0.06 0.14 0.670 0.35 − 0.31 (− 0.74 to − 0.12)

IAR 10.8 (4.9) 12.9 (3.8) 0.48
SPAC WILL ICBT- 

i
9.5 (2.2) 9.7 (2.6) − 0.13 0.26 0.613 0.15 0.17 0.366 0.08 − 0.52 (− 0.95 to − 0.09)

IAR 9.5 (2.6) 11.2 (3.1) 0.60
DBAS ICBT- 

i
53.6 (16.4) 36.4 (10.7) − 2.03 0.85 0.021 0.30 0.54 0.578 1.27 − 0.02 (− 0.44 to − 0.41)

IAR 50.7 (18.8) 36.6 (11.6) 0.93

Note. BBQ = Brunnsviken Brief Quality of Life Questionnaire, BIS = Bergen Insomnia Scale, BPI = Brief Pain Inventory-Short Form, CI = confidence interval, CORE-10 
= Clinical Outcomes in Routine Evaluation-Outcome Measure 10, DBAS = Dysfunctional Beliefs and Attitudes About Sleep Scale - 10, GAD-7 = Generalized Anxiety 
Disorder scale-7, IAR = internet-based applied relaxation, ICBT-i = internet-based cognitive behavioural therapy for insomnia, ISI = Insomnia Severity Index, M =
mean, MADRS-S = Montgomery-Åsberg Depression Rating Scale – self-rated version, SE = standard error, SPAC ACT = Sleep Problem Acceptance Questionnaire - 
activity engagement, SPAC WILL = Sleep Problem Acceptance Questionnaire - willingness, WSAS = Work and Social Adjustment Scale.
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overlooked (Oosterhaven et al., 2019).
The low level of treatment engagement could explain the lack of 

specific effects for ICBT-i, since it is assumed that sleep restriction and 
stimulus control would be the most effective techniques and only a 
minority of patients (41 %) finished module 2 where these were initi
ated, and even fewer likely used the techniques for one (31 %) or two 
(21 %) more weeks, which is likely needed to achieve a specific effect of 
ICBT-i.

These CBT-i techniques are challenging, potentially leading to lower 
adherence (Kyle et al., 2011). Conversely, relaxation therapy is 
considered the most acceptable behavioural intervention for insomnia 
(Edinger et al., 2021) due to immediate positive effects on stress and 
pain (Vambheim et al., 2021), offering negative reinforcement 
(Navratilova et al., 2012). Short sleep duration, higher depression rates 
(Ong et al., 2008), wake time after sleep onset, and expectations for 
sleep (Nam et al., 2023), have previously been linked to CBT-i dropout. 
In our study, a finding was that baseline ‘quality of life’ negatively 
correlated with non-initiation, suggesting it may be useful as a predic
tive marker.

The significant number of individuals declining participation or 
being lost to follow-up could be influenced by several factors. Firstly, 
individuals with chronic pain often experience high levels of fatigue and 

may find it challenging to commit to a structured treatment program like 
CBT-i. Additionally, there may be skepticism about the effectiveness of 
psychological interventions for pain-related insomnia, leading to 
reluctance to participate. While the online delivery of the treatment was 
intended to counteract barriers such as transportation and scheduling 
conflicts, other issues might still affect acceptability. For instance, some 
individuals may have limited access to or familiarity with digital tech
nologies, which could hinder their participation. Furthermore, the 
commitment required for CBT-i is quite high, and might have been 
perceived as unacceptably burdensome. However, it is important to note 
that participants randomized to the control condition (applied relaxa
tion) declined participation and were lost to follow-up to the same 
extent, suggesting that the issue might not be specific to CBT-i but rather 
related to the overall burden of participating in any additional treat
ment. Moreover, the acceptability of the intervention could be influ
enced by participants' beliefs and attitudes about sleep, particularly in 
the context of pain. Previous research has shown that inflexible beliefs 
about the interaction between pain and sleep can exacerbate insomnia 
and may reduce the effectiveness of interventions (Afolalu et al., 2016), 
and influence the attitudes towards treatments of insomnia (Ravyts 
et al., 2022). As pain-related beliefs and attitudes about sleep were not 
assessed in the current study we do not know if these mechanisms were 

Table 3 
Estimated marginal means, standard errors, and effect sizes for the treatment outcomes and putative mechanisms – from post-treatment to follow-up.

Group Follow-up Time (both groups 
combined)

Time × Group Within-group effect sizes: from post- 
treatment to follow-up

Between-group effect sizes (95 
% CI): follow-up

M (SD) B SE p B SE P d D

ISI ICBT- 
i

14.1 (5.2) − 0.04 0.20 0.853 0.06 0.13 0.661 0.00 − 0.22 (− 0.65 to − 0.21)

IAR 15.4 (6.4) − 0.37
BIS ICBT- 

i
20.4 (8.8) − 0.07 0.24 0.763 0.10 0.15 0.489 0.04 − 0.30 (− 0.73 to − 0.13)

IAR 23.3 (10.2) − 0.39
Pain severity: BPI ICBT- 

i
23.4 (6.5) 0.09 0.13 0.494 − 0.02 0.08 0.800 − 0.15 0.39 (− 0.04 to − 0.82)

IAR 19.8 (11.2) − 0.08
Pain interference: 

BPI
ICBT- 
i

40.1 (14.9) − 0.82 0.40 0.046 0.56 0.25 0.033 0.14 0.07 (− 0.36 to − 0.49)

IAR 38.6 (26.2) − 0.11
MADRS-S ICBT- 

i
16.7 (7.9) − 0.11 0.22 0.809 0.15 0.14 0.703 − 0.01 0.09 (− 0.34 to − 0.51)

IAR 16.0 (7.7) − 0.33
GAD-7 ICBT- 

i
8.1 (5.3) − 0.07 0.14 0.599 0.14 0.09 0.111 − 0.19 0.24 (− 0.19 to − 0.66)

IAR 6.7 (6.4) − 0.57
WSAS ICBT- 

i
15.6 (8.8) − 0.47 0.30 0.119 0.26 0.19 0.178 0.52 − 0.45 (− 0.87 to − 0.01)

IAR 20.3 (12.0) − 0.06
BBQ ICBT- 

i
41.5 (18.6) − 0.74 0.40 0.072 0.36 0.26 0.178 0.16 − 0.42 (− 0.84 to − 0.02)

IAR 49.5 (19.6) − 0.06
CORE-10 ICBT- 

i
14.8 (6.8) − 0.26 0.15 0.091 0.25 0.10 0.012 − 0.02 0.14 (− 0.28 to − 0.57)

IAR 13.8 (7.1) − 0.52
Self-rated health ICBT- 

i
1.3 (0.9) − 0.02 0.03 0.577 0.01 0.02 0.806 0.40 − 0.60 (− 1.03 to − -0.16)

IAR 1.9 (1.1) 0.33
SPAC ACT ICBT- 

i
11.8 (6.4) 0.02 0.18 0.918 <0.01 0.12 >0.999 0.02 − 0.33 (− 0.76 to − 0.10)

IAR 14.0 (6.8) 0.21
SPAC WILL ICBT- 

i
14.1 (5.4) 0.46 0.16 0.006 − 0.17 0.10 0.114 1.10 0.17 (− 0.26 to − 0.59)

IAR 13.1 (6.3) 0.40
DBAS ICBT- 

i
33.9 (10.4) − 0.62 0.67 0.362 0.48 0.42 0.270 0.24 − 0.74 (− 1.18 to − 0.30)

IAR 43.0 (13.8) − 0.50

Note. BBQ = Brunnsviken Brief Quality of Life Questionnaire, BIS = Bergen Insomnia Scale, BPI = Brief Pain Inventory-Short Form, CI = confidence interval, CORE-10 
= Clinical Outcomes in Routine Evaluation-Outcome Measure 10, DBAS = Dysfunctional Beliefs and Attitudes About Sleep Scale - 10, GAD-7 = Generalized Anxiety 
Disorder scale-7, IAR = internet-based applied relaxation, ICBT-i = internet-based cognitive behavioural therapy for insomnia, ISI = Insomnia Severity Index, M =
mean, MADRS-S = Montgomery-Åsberg Depression Rating Scale – self-rated version, SE = standard error, SPAC ACT = Sleep Problem Acceptance Questionnaire - 
activity engagement, SPAC WILL = Sleep Problem Acceptance Questionnaire - willingness, WSAS = Work and Social Adjustment Scale.
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at play, but this is an important aspect that should be further investi
gated in future studies.

Research indicates that integrating therapist telephone support, 
emphasizing sleep restriction/compression techniques in self-help CBT- 
i, can enhance adherence and outcome (Kaldo et al., 2015b). Lower 
engagement in the current study could stem from indirect support 
through asynchronous messaging, therapists' limited expertise in CBT-i 
and chronic pain management, and the inherent challenges in 
engaging this specific patient group as suggested in previous research.

4.1. Strengths and limitations

The current study's strengths include the use of a randomized 
controlled methodology, the real-world context of patient recruitment, 
and the employment of a rigorously evaluated treatment protocol. 
However, several limitations should be acknowledged. First, while 
participants were classified as having chronic benign pain according to 
IASP criteria, detailed diagnostic information was not collected from 
patient records, potentially limiting the generalizability of the findings 
to specific chronic pain conditions. Furthermore, although participants 
were required to maintain stable sleep and pain management, these 
conditions were not actively monitored, creating uncertainty about 
whether they were consistently upheld throughout the study. A poten
tial weakness of the study is the challenge in detecting significant dif
ferences in AEs between the groups, which may be due to the small 
sample size and the high proportion of participants reporting no AEs.

A pivotal finding related to feasibility, marked by a high rate of non- 
initiation and overall limited treatment engagement, constrains the 
investigation into whether CBT-i can yield specific therapeutic benefits 
also for chronic pain patients. As there was high attrition in the groups 
(55–64 %) and a low between-group effect size on the primary outcome 
(ISI: d = 0.14), this is in stark contrast to the power estimation a priori; 
these facts are indications that the current study was likely underpow
ered to detect significant differences. It should also be underscored that 
the design of the study precludes conclusions regarding the putative 
mechanisms as mechanisms of change (Kazdin, 2007); this would, for 
example, require statistical analyses investigating temporality between 
changes in mechanisms and subsequent improvements in outcome 
measures. Nonetheless, a principal goal of this study was to enhance 
understanding of the challenges and feasibility within an actual clinical 
environment.

4.2. Future research

The findings underscore the necessity for enhanced understanding of 
customizing online interventions for those suffering from insomnia and 
chronic pain comorbidities. Future investigations should focus on stra
tegies to increase treatment engagement, potentially incorporating 
qualitative research to delve deeper into perceptions of the pain-sleep 
nexus and quantitively exploring modifications in treatment content, 
delivery, and support in for example factorial design experiments. 
Blended interventions, which combine online and face-to-face compo
nents, have demonstrated efficacy in reducing dropout among various 
clinical groups (Erbe et al., 2017), and could be beneficial for this 
particular demographic as well.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.invent.2024.100781.
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