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Introduction: Therapist-delivered Cognitive Behavioral Therapy for Insomnia (CBTi) is an effective but largely inaccessible treatment for people with Co-Morbid Insomnia and Sleep Apnea (COMISA). To increase CBTi access for COMISA, we aimed to develop a self-guided interactive 5-session digital CBTi program that is appropriate for people with insomnia-alone and COMISA, and compare its effectiveness between people with insomnia-alone, vs. comorbid insomnia and high-risk sleep apnea.

Methods: Data from 62 adults with insomnia symptoms were used. High-risk sleep apnea was defined as a score of ≥5 on the OSA50. Participants self-reported symptoms of insomnia (ISI), depression, anxiety, sleepiness (ESS), fatigue, and maladaptive sleep-related beliefs (DBAS-16) at baseline, 8-week, and 16-week follow-up. ESS scores were additionally assessed during each CBTi session. Intent-to-treat mixed models and complete-case chi2 analyses were used.

Results: There were more participants with insomnia-alone [n = 43, age M (sd) = 51.8 (17.0), 86.1% female] than suspected COMISA [n = 19, age = 54.0 (14.8), 73.7% female]. There were no between-group differences in baseline questionnaire data, or rates of missing follow-up data. There were no significant group by time interactions on any outcomes. Main effects of time indicated moderate-to-large and sustained improvements in insomnia (d = 3.3), depression (d = 1.2), anxiety (d = 0.6), ESS (d = 0.5), fatigue (d = 1.2), and DBAS-16 symptoms (d = 1.2) at 16-weeks. ESS scores did not increase significantly during any CBTi session.

Conclusion: This interactive digital CBTi program is effective in people with insomnia-alone, and people with co-morbid insomnia and high-risk sleep apnea. Further research is required to determine the effectiveness, safety and acceptability of digital CBTi in people with insomnia and confirmed sleep apnea.

Clinical Trial Registration: This trial was prospectively registered on the Australian and New Zealand Clinical Trials Registry (ANZCTR, ACTRN12621001395820).
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1 Introduction

Insomnia and obstructive sleep apnea (OSA) are the two most prevalent sleep disorders and frequently co-occur (AASM, 2014; Sweetman et al., 2017a). Approximately 30–40% of people with insomnia have co-morbid OSA (Luyster et al., 2010; Sweetman et al., 2021), however most people with OSA remain undiagnosed (Lichstein et al., 1999). People with Co-Morbid Insomnia and Sleep Apnea (COMISA) generally have worse sleep (Bianchi et al., 2013), daytime function (Krakow et al., 2001), mental health (Lang et al., 2017), physical health (Lechat et al., 2022a), productivity (Sivertsen et al., 2013), and quality of life (Björnsdóttir et al., 2015) compared to people with neither sleep disorder, and often compared to people with either insomnia-alone or OSA-alone (Sweetman et al., 2019a; Ong et al., 2020a). Three recent population-based studies have reported that people with COMISA experience a 50–70% increased risk of mortality over 10–20 years of follow-up, compared to people with neither condition (Lechat et al., 2021, 2022b; Sweetman et al., 2022). Given the high prevalence and adverse health consequences of COMISA, it is important to develop and implement effective evidence-based management approaches for this condition (Sweetman et al., 2017a).

Cognitive Behavioral Therapy for insomnia (CBTi) is the recommended “first line” treatment for insomnia (Qaseem et al., 2016; Ree et al., 2017; ASA, 2024), and is effective in patients with COMISA (Sweetman et al., 2023a). CBTi is a multi-component therapy that has historically been delivered by trained therapists/psychologists over 4–8 weekly sessions. CBTi aims to identify and treat the underlying precipitating triggers and perpetuating factors that maintain insomnia, and leads to sustained improvements in sleep (Morin et al., 1994; van der Zweerde et al., 2019a), daytime function and mental health (Ye et al., 2015). A recent systematic review and meta-analysis reported that CBTi is associated with large improvements in insomnia severity in the presence of treated and untreated co-morbid OSA (Sweetman et al., 2023a). Furthermore, CBTi may improve the severity of un-treated OSA (Sweetman et al., 2020a), and two of four recent randomized controlled trials indicate that CBTi may improve subsequent acceptance and use of CPAP therapy in patients with COMISA (Bjorvatn et al., 2018; Sweetman et al., 2019b; Ong et al., 2020b; Alessi et al., 2021).

Despite a wealth of evidence supporting the effectiveness of CBTi, access to this “first line” treatment is extremely limited. In Australia, ~90% of primary care patients with insomnia are managed with sleeping pills while only 1% are referred to psychologists for CBTi (Miller et al., 2017; Haycock et al., 2022). In a recent analysis of the Veterans Health Administration, the largest healthcare system in the US, veterans initially presenting to various clinics with insomnia disorder were 11-times more likely to receive a medication prescription first than to be referred to CBTi (Pfeiffer et al., 2023). In this analysis including over five million veterans, CBTi was provided to only 0.2% of the sample. Rates of access to CBTi across Europe mirror those elsewhere in the world with only 50–3,000 patients per country receiving psychological treatment for their insomnia per year (Baglioni et al., 2020).

Clinician-delivered CBTi programs have been translated to self-guided digital programs which have the potential to increase CBTi availability and access (Thorndike et al., 2008; Espie et al., 2012). However, self-guided digital CBTi programs have generally been developed for people with insomnia-alone, and there is very limited evidence on the effectiveness, safety, or suitability of digital CBTi in people with COMISA (Eldridge-Smith et al., 2022). In particular, people with COMISA may commence treatment with higher levels of daytime sleepiness, be less responsive to self-guided sleep restriction therapy in the presence of apnea events that promote repeated awakenings, or experience increased sleepiness during the acute phase of sleep restriction (Sweetman et al., 2020b; Turner et al., 2023). Because of these concerns, some self-guided digital programs tailored for people with insomnia-alone may not be appropriate for individuals with OSA. Indeed, clinical trials of digital CBTi often exclude people with untreated OSA (Christensen et al., 2016; Ritterband et al., 2017; Nazem et al., 2023) and suspected OSA (Espie et al., 2019; van der Zweerde et al., 2019b; Vedaa et al., 2020). This may fuel the belief that insomnia is “secondary” to OSA, or that OSA must be diagnosed and sufficiently treated before commencing insomnia management (Sweetman et al., 2017a, 2021). However, our systematic review demonstrates that CBTi can be safely and effectively delivered by clinicians to patients with untreated OSA (Sweetman et al., 2023a). These results are particularly welcoming when considering the long delay to diagnosis and treatment of OSA in many countries.

Overnight polysomnography is the “gold standard” measure of OSA presence and severity, however, is costly, time consuming, and often incurs long waiting lists. In the absence of overnight sleep studies, self-report measures have been developed and validated to screen for a “high-risk” of OSA (Chai-Coetzer et al., 2011; Chung et al., 2016). To expedite access to digital CBTi in patients with COMISA, it may be possible to identify people with insomnia and a “high risk” of co-morbid OSA according to self-report insomnia and OSA-screening questionnaires. CBTi could then be administered concurrent to the diagnosis and treatment of possible OSA. However, there are safety concerns when providing sleep restriction therapy to people with suspected COMISA, as this treatment may increase an already higher level of daytime sleepiness (Sweetman et al., 2020b). A digital CBTi program that can tailor therapy to mitigate excessive sleepiness during CBTi would thus be invaluable to patients with suspected COMISA, who otherwise experience very limited access to CBTi partly due to sleepiness-related and safety concerns.

The aim of this study was therefore to develop and test a self-guided digital CBTi program that includes treatment algorithms designed for people with insomnia-alone and COMISA (Sweetman et al., 2023c). We aimed to compare the effectiveness of an interactive digital CBTi program, Bedtime Window, on changes in symptoms of insomnia, daytime function and mental health in people with insomnia-alone vs. people with comorbid insomnia and a “high-risk” of OSA (suspected COMISA group), and monitor weekly changes in sleepiness during treatment.



2 Methods

We report here secondary data analysis from an online clinical trial of digital CBTi in a community-based sample of people with insomnia symptoms (Sweetman et al., 2023c). The trial was approved by the Southern Adelaide Clinical Human Research Ethics Committee and registered on the Australian and New Zealand Clinical Trials Registry (ACTRN12621001395820). Secondary data analysis was conducted to investigate the effect of insomnia-alone vs. insomnia and high-risk OSA on treatment-response to digital CBTi from baseline to 8- and 16-week follow-up, and between-group changes in weekly self-reported sleepiness during CBTi.


2.1 Participants

People throughout Australia were directed by online, print, radio, and television advertisements to an online information and consent form and questionnaire battery. Participants were assessed for eligibility before being randomized 1:1 to immediate or waitlist (sleep education control) digital CBTi. Eligible participants were contacted via email to inform them of study recruitment and group allocation.

Inclusion criteria were age ≥ 18, reliable access to an internet-compatible device, basic English language comprehension (for access to the intervention), and an Insomnia Severity Index (ISI) score of ≥15 (at least moderate insomnia). Exclusion criteria were bipolar or schizophrenia disorder, risk of suicide or self-harm on the Patient Health Questionnaire-9 (PHQ-9), epilepsy, confirmed co-morbid sleep disorder other than insomnia, doctor diagnosed cognitive impairment, current pregnancy, Epworth Sleepiness Scale (ESS) ≥ 16, people that were drivers for work, shift workers, and people that had experienced a sleepiness-related motor vehicle accident. Ineligible participants were directed to local or tele-health clinical insomnia services.

Participants with a previous doctor diagnosis of OSA were excluded from this study which intended to investigate the effect of a high-risk of undiagnosed (and consequently, untreated) OSA on treatment-response to digital CBTi.



2.2 High risk OSA

Participants were included in the suspected COMISA group if they reported a score of ≥5 on the OSA50 (Chai-Coetzer et al., 2011). The OSA50 is a 4-item self-report questionnaire designed to identify people with a high-risk of moderate-to-severe OSA according to the presence of obesity, snoring, witnessed apnea events, and age ≥ 50 years. Body Mass Index (BMI) was used as an indicator of obesity in the absence of waist circumference data (Item 1, BMI Thresholds: Male ≥ 30, Female ≥ 28). Participants with a score of <5 were categorized with insomnia-alone.



2.3 Intervention

A five-session self-guided interactive digital CBTi program (Bedtime Window) was used. The program is designed for people with insomnia-alone and COMISA. Each weekly session lasts for ~20–30 min and included short videos, images and text-based information. An initial assessment module is designed to identify patients with insomnia-alone, in addition to those with confirmed or suspected OSA (according to self-reported symptoms indicative of OSA). Treatment components include tailored psychoeducation, stimulus control therapy, sleep restriction therapy, relaxation therapy, cognitive therapy, and sleep hygiene information. Users complete a digital sleep-wake diary on each morning throughout the program, and provide additional lifestyle, sociodemographic, and sleep-wake information during the program which is used to inform automated personalized treatment recommendations. Algorithms tailor therapy recommendations according to sleep, wake and lifestyle parameters reported at baseline and during each weekly session, with several billion unique treatment pathways available to users. People with COMISA may experience greater sleepiness-related risks during CBTi (Sweetman et al., 2020b; Turner et al., 2023). To mitigate these risks in people with COMISA, the program includes algorithms that continuously assess for symptoms of sleepiness and alertness, and provides tailored and interactive recommendations to enact sleep restriction, sleep regularization, sleep compression, and sleep extension therapies based on these data. Immediately following each session, users receive an email with session-specific content and tailored treatment recommendations.



2.4 Questionnaire battery

A questionnaire battery including the ISI (Bastien and Vallières, 2001) [further separated into a ISI nocturnal sub-score (first three items), and ISI daytime sub-score (final four items) (Wallace and Wohlgemuth, 2019)], ESS (Johns, 1991), Flinders Fatigue Scale (FFS) (Gradisar et al., 2007), PHQ-9 (Kroenke et al., 2003), Generalized Anxiety Disorder questionnaire (GAD-7) (Spitzer et al., 2006), and Dysfunctional Beliefs and Attitudes about Sleep scale (DBAS-16) (Morin and Vallières, 2007) was completed at each follow-up occasion.



2.5 Statistical analyses

SPSS (IBM Statistics, version 28) was used to analyze data. Data are presented as mean and standard deviation/95% confidence intervals for continuous data, and count and proportions for categorical data. Alpha levels of <0.05 were used to infer statistical significance. Intention to treat analyses of changes in questionnaire measures of insomnia symptoms from baseline to 8- and 16-week follow-up between the insomnia-alone and suspected COMISA groups were investigated with linear mixed models. Overall interaction effects were required before investigating Bonferroni-corrected pairwise comparisons. Cohen's d-values with pooled baseline standard deviations were used as a standardized measure of effect size. Complete case Chi2 analyses were used to analyze between-group responder data, with Cohen's d-values reported as standardized measures of effect size (Wilson, 2017). Complete-case between-group differences in insomnia remission (ISI <8), and rates of no/mild insomnia (ISI <15) were investigated at 8- and 16-week follow-up.

To increase statistical power, data from an intervention and waitlist control group of the original randomized controlled trial were collapsed and anchored to the timing that they received CBTi. In the original trial, the waitlist group received digital sleep education (control) between baseline and 8-week follow-up, which had no significant or clinically meaningful effect on any questionnaire outcome (Sweetman et al., 2023c). Immediately after the 8-week follow-up, the waitlist group were provided access to digital CBTi. Therefore, intervention group data at baseline, 8-weeks (post-CBTi), and 16-weeks (long-term follow up) was matched and combined with control data at baseline, 16-weeks (post-CBTi) and 24-weeks (long-term follow-up) for the current study (Sweetman et al., 2023c).




3 Results


3.1 Participant recruitment, retention, and program completion

In total, 117 participants were screened, of whom 22 with subthreshold insomnia (ISI <15) were directed to a digital CBTi trial in primary care, and 8 with confirmed/treated OSA were directed to a digital CBTi trial in people with confirmed COMISA. Of the remaining 87 participants, 25 were excluded based on self-reported self-harm or suicide risk (n = 11), excessive daytime sleepiness (n = 5), restless legs syndrome (n = 4), current shift work (n = 3), doctor-diagnosed cognitive impairment (n = 1), narcolepsy (n = 1), doctor-diagnosed circadian rhythm disorder (n = 1), previous motor-vehicle accident (n = 1), and bipolar disorder (n = 1). In total, 62 participants were eligible and recruited to the present trial (Table 1).


TABLE 1 Average mean (standard deviation) between-group baseline sociodemographic and insomnia information.
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There was no difference in the prevalence of suspected COMISA between the intervention (32.2%) and control groups of the original randomized controlled trial (29%, p = 0.78). After collapsing and time-matching the intervention and control groups, there were no differences between the insomnia-alone and COMISA groups in rates of missing data at 8-weeks [post-intervention 6 (14%), vs. 6 (31.6%), respectively, p = 0.11] or 16-weeks [follow-up assessment 8 (18.6%), vs. 6 (31.6%), respectively, p = 0.26]. There were no significant differences between the insomnia-alone and suspected COMISA groups in completion rates of Sessions 1 (86.0 vs. 78.9%), 2 (76.7 vs. 68.4%), 3 (72.1 vs. 68.4%), 4 (72.1 vs. 68.4%), or 5 (full program completion 65.1 vs. 68.4%, all Chi2 p > 0.05).



3.2 Baseline information

Sample characteristics and between-group differences in baseline characteristics are presented in Table 1. The suspected COMISA group had higher average BMI, and greater weight (kilograms) than the insomnia-alone group. There were no other between-group differences in sociodemographic variables or questionnaire data at baseline.



3.3 Effectiveness of digital CBTi in patients with insomnia vs. high-risk OSA

There were no significant group by time interactions on the ISI (Figure 1), Flinders Fatigue Scale, ESS, PHQ-9, GAD-7, or DBAS-16 (all interaction p > 0.06, Table 2). Main effects of time indicated moderate-to-large and statistically significant improvements in all questionnaire outcomes by 16-week follow-up (Table 2). For the overall sample, there was a large improvement in ISI scores from baseline to 8-weeks (M reduction = 7.09, 95% CI = 5.16–9.02, d = 3.05, p < 0.001), and no subsequent change from 8- to 16-weeks (M reduction = 1.02, 95% CI = −0.99 to 3.03, d = 0.29, p = 0.657). Surprisingly, mean scores indicated that improvements in insomnia, sleepiness, and depression symptoms tended to be larger (although not statistically significant) in the suspected COMISA than insomnia-alone group (Table 2).


[image: Figure 1]
FIGURE 1
 Between-group changes in mean (95% CI) insomnia severity index scores.



TABLE 2 Between-group changes in estimated marginal mean (95% CI) insomnia symptoms during treatment.
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Responder analyses (Table 3) were undertaken to investigate the between-group proportion of participants that reported insomnia remission (ISI <8), and no/mild insomnia (ISI <15) at 8- and 16-week follow-up. Participants were included if they completed the 8- and 16-week assessments, respectively (irrespective of whether they accessed/completed the intervention). Those with suspected COMISA were more likely to report insomnia remission at the 16-week follow-up compared to those with insomnia-alone. There were no other between-group differences in insomnia response rates at 8 or 16-week follow-up.


TABLE 3 Between-group differences in insomnia response rates at 8-week and 16-week follow-up.
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3.4 Effect of digital CBTi on weekly daytime sleepiness

The ESS was administered during each weekly session of the CBTi program. There were no between-group differences in changes in ESS scores from baseline to any weekly session (interaction p = 0.764, Figure 2). Main effects of time indicated no significant change in ESS scores during the five-sessions of the program (p = 0.191). However, as mentioned above, a main effect of time indicated a reduction in ESS scores from baseline to 16-week follow-up (Table 2).


[image: Figure 2]
FIGURE 2
 Between-group changes in mean (95%CI) Epworth Sleepiness Scale scores during each weekly digital CBTi session. Dashed line indicates commencement of personalized sleep restriction therapy during Session 2.





4 Discussion

The main finding of this study is that this interactive digital CBTi program was associated with large and sustained improvements in nocturnal and daytime symptoms of insomnia and associated mental health symptoms in participants with insomnia-alone, and in those with a high-risk of undiagnosed OSA. The lack of any significant group by time interactions provides preliminary evidence to suggest that those with high-risk of OSA benefited from this digital CBTi program at least as much as those with insomnia-alone. An important secondary finding is that symptoms of daytime sleepiness did not increase significantly during any week of the digital CBTi program in either group, suggesting that the program may be an effective, safe, and scalable treatment for insomnia in people with suspected COMISA. Importantly, further research in patients with a doctor diagnosis of OSA according to gold-standard polysomnography is required to confirm these promising initial results, before scaling access in different settings in which patients with COMISA are managed.

A non-significant trend was observed that indicated greater overall improvements in symptoms of insomnia, sleepiness and depression in the suspected COMISA group compared to the insomnia-alone group. Caution should be applied in interpreting these non-significant interaction effects, which were of limited clinical significance, and may have also been inflated by the multiple repeated-measures outcomes that were analyzed. The between-group difference in rates of insomnia remission at 16-weeks should similarly be interpreted with caution, given that these “responder” outcomes were based on complete-case analyses, and a small overall sample was recruited. Of more importance, we observed no evidence that participants with a high risk of co-morbid OSA experienced a reduced treatment-response to this digital CBTi program compared to those with insomnia-alone. Indeed, the most striking findings were the main effects of time that indicated moderate-to-large and sustained improvements in all outcomes for both groups combined.

In a recent systematic review and meta-analysis of the effect of CBTi in people with COMISA (Sweetman et al., 2023a), we observed a large effect of CBTi on improving ISI scores in people with insomnia and co-morbid treated and un-treated OSA. In the present study, those in the suspected COMISA group also experienced a large and sustained 11.2-point average ISI improvement by 16-weeks. These data suggest that CBTi is an efficacious treatment for insomnia in the presence of high-risk co-morbid OSA, when delivered by trained clinicians, or via an interactive self-guided digital program tailored for COMISA. Before scaling access to self-guided digital CBTi in people with COMISA, these results require replication in larger samples of patients with baseline sleep studies to confirm the presence and severity of co-morbid sleep apnea. One additional pilot study is currently being conducted in people with co-morbid insomnia and a doctor-diagnosis of OSA (Sweetman et al., 2022), and one study is being conducted in people with insomnia-alone and COMISA in primary care (Sweetman et al., 2022). Additional research is also required to determine the effectiveness and acceptability of digital CBTi in patients with confirmed COMISA recruited from different settings, including sleep clinics in which patients may present with more severe OSA, symptomatic OSA (i.e., with higher levels of sleepiness at baseline), and different factors that motivate treatment-seeking and engagement (Sweetman et al., 2019b; Alessi et al., 2021).

Although self-guided digital CBTi programs have been studied in samples with insomnia (Soh et al., 2020), and co-morbid insomnia and mental health symptoms (Ye et al., 2015), there has been understandable reservation about using self-guided digital CBTi in patients with COMISA (Eldridge-Smith et al., 2022). Sleep restriction therapy is one of the most effective behavioral components of CBTi, which aims to temporarily reduce time in bed, consolidate sleep periods and reduce time awake throughout the night (Spielman and Saskin, 1987). Similarly, stimulus control therapy which aims to re-associate the bed with a state of sleep and rest rather than conditioned arousal, requires the patient to “get out of bed if not asleep within about 15 minutes”, and consequently may delay sleep onset and reduce sleep duration in the early treatment phase (Bootzin, 1972). Although these behavioral treatments often lead to rapid improvement in insomnia, they are associated with an acute increase in daytime sleepiness in patients with insomnia alone (Kyle et al., 2014) and COMISA (Sweetman et al., 2020b). This increase in sleepiness is reduced after sleep improves, and time in bed is gradually extended from week to week until a comfortable equilibrium between sleep duration, time in bed, and sleepiness is achieved (Sweetman et al., 2020b). However, patients with COMISA may commence treatment with pre-existing levels of sleepiness due to un-treated OSA (Sweetman et al., 2017b), and experience an increased vulnerability to the effects of sleep restriction on daytime sleepiness and neurocognitive function (Vakulin et al., 2009; Turner et al., 2023). Hence, there has been reservation about the use of digital CBTi programs designed for patients with insomnia-alone, in patients with COMISA. In the current study, participants with insomnia-alone and suspected COMISA did not report any overall increase in daytime sleepiness during any week of the digital CBTi program. This is likely due to specific algorithms within the program that continuously monitor for levels of alertness and sleepiness, and adapt personalized therapy recommendations to mitigate risk of alertness-failure. In fact, an overall effect of time on reduced levels of daytime sleepiness was observed by 16-week follow-up. Given reports that CBTi is associated with acute impairment in neurocognitive function (Turner et al., 2023), future research is required to confirm the safety of this digital CBTi program in patients with different levels of OSA severity, and in the presence of excessive daytime sleepiness, before implementing broader access.

The recommended “first line” treatment for moderate and severe OSA is Continuous Positive Airway Pressure (CPAP) therapy, and lifestyle/weight management recommendations where indicated (Epstein et al., 2009; ASA, 2024). Although CPAP therapy improves stability of the upper airway during sleep and many of the associated consequences of OSA, it is limited by suboptimal acceptance and long-term use for the duration of the sleep period (Weaver and Grunstein, 2008). Co-morbid insomnia symptoms are associated with approximately a 30% reduction in initial acceptance of CPAP therapy, and a 2-h reduction in average nightly CPAP use compared to patients with OSA alone (Sweetman et al., 2023b). Two of four recent randomized controlled trials have reported that CBTi improves subsequent acceptance and use of CPAP therapy in patients with COMISA (Bjorvatn et al., 2018; Sweetman et al., 2019b; Ong et al., 2020b; Alessi et al., 2021). An ongoing study aims to investigate the effect of digital CBTi on insomnia symptoms and CPAP use among people with COMISA after commencement of CPAP recommendations and management (Eldridge-Smith et al., 2022). Future studies should also investigate the possibility of using digital CBTi to treat insomnia prior commencing CPAP, to improve initial experiences with CPAP therapy (i.e., the first week of use), and improve long-term CPAP use in patients with confirmed COMISA.


4.1 Limitations

Although this study has several strengths including standardized questionnaire measures of high-risk OSA and insomnia symptoms, acceptable rates of digital CBTi completion (65–68%), and a low rate of missing 16-week follow-up data for an online trial (22.5%), there are several important limitations.

Firstly, COMISA was defined according to self-reported symptoms of insomnia and OSA in the absence of a clinician diagnosis or overnight sleep studies. Overnight polysomnography is the gold-standard measure of OSA presence and severity, and will be required in future clinical trials investigating the safety and effectiveness of digital CBTi in people with COMISA. Although the OSA50 is a standardized measure with good sensitivity to indicate a high-risk of moderate-severe OSA (Chai-Coetzer et al., 2011), specificity levels of ~50% mean that half of those in the “COMISA” group may have no/mild OSA. Hence, this study provides promising initial evidence of the effectiveness of this digital CBTi program in those with a high-risk of OSA. However due to the risk of false-negative and false-positive OSA cases identified according to the OSA50, these results will need to be confirmed in future clinical trials in participants with confirmed OSA (Sweetman, 2022a,b). Two randomized controlled trials investigating the effectiveness of Bedtime Window in people with confirmed COMISA are presently being conducted.

Secondly, the sample may not be reflective of patients with COMISA in sleep clinic settings, and consequently, results may not directly generalize. For example, the majority of participants were female, had low levels of daytime sleepiness, and moderate insomnia severity. Although the COMISA group had a BMI in the “overweight” range, which was higher than those with insomnia-alone, it was still lower than average BMI of participants with COMISA in several previous clinical trials (Ong et al., 2017; Bjorvatn et al., 2018; Sweetman et al., 2019b). Future trials are required to implement and understand the generalizability of this digital CBTi program in improving insomnia among people with COMISA in different settings.

Third, no information on neurocognitive functioning was collected. Clinician-delivered CBTi may be associated with an acute reduction in neurocognitive functioning (Turner et al., 2023), likely due to sleep restriction therapy resulting in acute sleep loss, before conditioned insomnia is reduced and sleep improves (Kyle et al., 2014). This digital CBTi program was not associated with increased daytime sleepiness during any weekly session which is promising given previous research reporting an increase in daytime sleepiness during clinician-delivered CBTi in people with insomnia (Kyle et al., 2014) and COMISA (Sweetman et al., 2020b). However, the ESS may not be reflective of objective sleepiness in people with OSA, and additional research is required to investigate changes in more sensitive objective measures of alertness and neurocognitive function during digital CBTi in patients with COMISA.

Finally, results of responder analyses should be interpreted with caution, given that they are based on participants with observed follow-up data. There were no between-group differences in rates of missing data at 8- or 16-week follow-up, and overall rates of missing data were relatively low for a clinical trial conducted entirely online.




5 Conclusion

This study found that Bedtime Window, a self-guided interactive digital CBTi program tailored for insomnia-alone and COMISA, was associated with large and sustained improvements in sleep, depression, anxiety, sleepiness, fatigue, and maladaptive beliefs about sleep in people with insomnia-alone and those with suspected COMISA. Given the high prevalence and adverse health consequences of COMISA, and extremely limited access to CBTi, these preliminary results highlight the potential to investigate the effectiveness, safety and acceptability of this digital CBTi program in people with a confirmed diagnosis of OSA in different settings, before scaling access to people with COMISA throughout the health system.
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