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ABSTRACT Insomnia and obstructive sleep apnoea (OSA) frequently co-occur and may be causally related
through sleep fragmentation and/or hyperarousal mechanisms. Previous studies suggest that OSA treatment
can improve insomnia severity. However, the effect of insomnia treatment on OSA severity has not been
investigated. We performed a randomised controlled trial to investigate the effect of cognitive behavioural
therapy for insomnia (CBTi) on OSA severity, controlling for potential sleep-stage and posture effects.

145 patients with comorbid insomnia (International Classification of Sleep Disorders, 3rd Edn) and
untreated OSA (apnoea-hypopnoea index (AHI) >15 eventsh™ sleep) were randomised to a four-session
CBTi programme or to a no-treatment control. Overnight sleep studies were completed pre- and post-
treatment to measure AHI, arousal index and sleep architecture, to investigate the effect of intervention
group, time, sleep stage (N1-3 or REM) and posture (supine or nonsupine) on OSA severity.

The CBTi group showed a 7.5eventh™ greater AHI difference (mean (95% CI) decrease 5.5
(1.3-9.7) events-h™", Cohen’s d=0.2, from 36.4 events-h™ pre-treatment) across sleep-stages and postures,
compared to control (mean increase 2.0 (—=2.0-6.1) eventsh™!, d=0.01, from 37.5eventsh™ at pre-
treatment; interaction p=0.012). Compared to control, the CBTi group also had a greater reduction in total
number (mean difference 5.6 (0.6-10.6) greater overall reduction; p=0.029) and duration of nocturnal
awakenings (mean difference 21.1 (2.0-40.3) min greater reduction; p=0.031) but showed no difference in
the arousal index, or sleep architecture.

CBTi consolidates sleep periods and promotes a 15% decrease in OSA severity in patients with
comorbid insomnia and OSA. This suggests that insomnia disorder may exacerbate OSA and provides
further support for treating insomnia in the presence of comorbid OSA.
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Introduction

Insomnia and obstructive sleep apnoea (OSA) are the two most common sleep disorders, each occurring
in ~10% of the general population [1, 2]. OSA is characterised by repetitive brief episodes of complete
(apnoea) or partial (hypopnoea) closure of the upper airway during sleep, hypoxaemia and cortical
arousals. Pathophysiological mechanisms of OSA include a narrow upper airway, diminished muscle tone
during sleep, unstable respiratory control (loop gain), and a low respiratory arousal threshold [3]. The
most common index of the presence and severity of OSA is the apnoea-hypopnoea index (AHI), which
reflects the average number of apnoea and hypopnoea events per hour of sleep. OSA patients typically
have a greater AHI in “light” sleep (N1 and N2) and rapid eye movement (REM) sleep than in “deep”
sleep (N3), and in supine than in nonsupine sleep [4].

Insomnia disorder is characterised by chronic difficulties initiating sleep, maintaining sleep and/or with
early morning awakenings, in combination with associated daytime impairments [5]. Compared to good
sleepers, insomnia patients experience increased sleep—wake transitions throughout the night, thereby
increasing time spent in N1 sleep and reducing N3 sleep [6, 7]. Insomnia is commonly conceptualised as a
disorder of conditioned cognitive and physiological hyperarousal [8].

Comorbid insomnia and sleep apnoea (COMISA) is a common and debilitating disorder [9]. For example,
30-50% of OSA patients report insomnia symptoms, while 30-40% of insomnia patients fulfil diagnostic
criteria for OSA [9-12]. These high prevalence estimates may indicate bidirectional relationships between
the mechanisms and manifestations of insomnia and OSA [13-15]. One method to understand causal
relationships between insomnia and OSA is to treat each disorder in isolation and measure subsequent
changes in the other [16]. Although the effect of treating OSA on changes in insomnia severity has been
studied [17, 18], the effect of insomnia treatment on changes in OSA severity in COMISA patients
remains unknown.

Cognitive behavioural therapy for insomnia (CBTi) is the most effective treatment for insomnia, and has
been shown to reduce the frequency of sleep-wake transitions and N1 sleep, and increase N3 sleep
[19-22]. Furthermore, CBTi is effective in the presence of comorbid OSA [23-25].

As N1 sleep is associated with a higher AHI and N3 sleep is associated with lower AHI in OSA patients
[4], we postulated that CBTi would reduce the overall AHI in patients with COMISA. To explore this
hypothesis, we used data from a recent randomised controlled trial (RCT) in COMISA patients [25] to
examine the effect of CBTi versus no CBTi on changes in objective sleep architecture, sleep parameters
and respiratory events, controlling for well-established sleep stage and postural effects on AHIL

Methods

Overall study design

This substudy of a previously reported RCT was conducted to compare CBTi to a no-treatment control on
changes in polysomnographic (PSG) sleep characteristics over a 6-week period in 145 COMISA patients
[25]. It was hypothesised that pre- to post-treatment improvements in sleep architecture and reductions in
AHI would be greater with CBTi compared to control. Given the well-established effects of sleep stage and
posture on AHI [4], we included the effects of sleep stage and posture when investigating changes in
respiratory events between groups and repeated measures. Hence, the effect of CBTi on respiratory
outcomes was examined with a 2 (treatment group: CBTi, control)x2 (time: pre-treatment,
post-treatment)x2 (posture: supine, nonsupine)x4 (stage: N1, N2, N3, REM) mixed factorial design.

Following a diagnosis of insomnia and OSA, patients were randomised to either a CBTi, or control group.
Minimisation (MinimPy 0.3) incorporating biased-coin minimisation (base probability 0.7, marginal
balance, 1:1 allocation ratio) was used to ensure balance in potential confounders between groups
including site, AHI (<30 or >30 events-h™'), sex, age (<50 or >50 years), insomnia severity (insomnia
severity index [26] <22 or >22) and previous continuous positive airway pressure (CPAP) use (yes or no)
[25]. The study was approved by the Southern Adelaide Clinical Human Research Ethics Committee
(South Australian Local Health Network and Flinders University,), the Human Research Ethics Committee
(The Prince Charles Hospital), Queensland University of Technology Human Research Ethics Committee,
and the External Request Evaluation Committee (Department of Human Services, Australia).

Patients

The screening protocol, randomisation method, interventions and follow-up (figure 1) are described in
detail elsewhere according to Consolidated Standards of Reporting Trials guidelines [25]. Briefly, 145
COMISA patients were recruited through sleep physicians, and online, print, television and radio
advertisements at two teaching hospital sites from 2013 to 2016: the Adelaide Institute for Sleep Health,
Repatriation General Hospital (South Australia) and The Prince Charles Hospital (Queensland). Patients
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were randomised by an independent pharmacy department of the Repatriation General Hospital,
according to minimisation techniques to balance groups on potential confounders including insomnia
severity, AHI, sex, site, prior CPAP use, and age [25].

Inclusion criteria [25] were age 18-75 years, sleep physician-diagnosed OSA according to an AHI
>15 events-h™" and recommendation for CPAP therapy, and psychologist-diagnosed insomnia according
to International Classification of Sleep Disorders (3rd Edn) criteria [5]. Patients were excluded if they had
another comorbid sleep disorder (e.g. restless leg syndrome or narcolepsy), used CPAP therapy currently
or within the past 3 months, had a significant memory, perceptual or behavioural disorder, or lived too far
from the research centre to conveniently attend follow-up visits.

Interventions

A description of control and CBTi content, therapist contact, adherence and treatment fidelity is presented
in our previous report [25]. Briefly, a manualised CBTi programme including sleep-hygiene education,
bedtime restriction therapy, sleep misperception feedback, cognitive therapy and relapse prevention was
delivered by seven experienced psychologists during four 45-min sessions administered over a 6-week
period.

Control patients received ongoing care from sleep physicians over a 6-week period and were offered access
to CBTi following completion of the larger study [25]. Other than the four treatment sessions occurring in
the CBTi group, there were no between-group differences in the number of appointments with research

739 patients assessed via online screening 2131 patients assessed via sleep clinics

1424 excluded for low ISl
233 excluded for age range, on CPAP,
other trial, other hospital/service

316 excluded for low ISI or 0SA50 score
346 excluded for AHI <15 events-h-1sleep study

77 remained eligible 474 remained eligible

. v

551 attended sleep physician screening

% 209 excluded

342 attended research coordinator screening

| 160 excluded

182 attended psychologist screening

[
s 37 excluded

145 randomised
Pre-treatment sleep study

72 CBTi 73 control
2 withdrew — 1 withdrew
v v
Post-treatment sleep study

FIGURE 1 Flow diagram indicating patient screening, recruitment, randomisation and follow-up. Missing sleep
study data occurred in one cognitive behavioural therapy for insomnia (CBTi) study pre-treatment, and five
CBTi and two control studies post-treatment (there were no significant between-group differences in rates of
missing sleep study data pre- or post-treatment; both Fisher’s exact p>0.05). 71 CBTi and 73 control patients
had available sleep study data for mixed model analyses. ISI: insomnia severity index; OSA50: obstructive
sleep apnoea 50 questionnaire; AHI: apnoea-hypopnoea index; CPAP: continuous positive airway pressure.

https://doi.org/10.1183/23120541.00161-2020 3



SLEEP | A. SWEETMAN ET AL.

assistants, sleep specialists or sleep technicians during treatment. All patients commenced CPAP therapy
following the post-treatment PSG study. As previously reported, there were no serious adverse events
related to the CBTi or control interventions [25].

Sleep studies

Patients completed home-based PSG sleep studies pre- and post-treatment (Somté; Compumedics,
Melbourne, Australia). All recording montages included electroencephalogram (EEG) (C;-M, and
C4-M,), electro-oculogram, electromyogram, ECG, pulse oximetry, nasal pressure, oronasal thermistor,
chest and abdominal respiratory bands, and two leg movement channels. An accelerometer continuously
indicated posture (supine, prone, left, right or upright) throughout the night, subsequently collapsed into
supine and nonsupine sleep postures. Trained sleep technicians scored studies according to the American
Academy of Sleep Medicine (AASM) 2007 “alternate” criteria and used an AHI cut-off of >15 events-h™!
to diagnose OSA [27, 28]. Sleep stages were categorised as N1, N2, N3 and REM sleep. Scoring technicians
were blinded to the study aims and treatment allocation.

Data were extracted to determine stage- and posture-dependent average frequency of respiratory outcomes
including AHI, arousal index, oxygen desaturation index (desaturations of >3% reduction from baseline)
and average duration of respiratory events (seconds) for each PSG study. As oxygen saturation is required
for the identification of hypopnoea events, any studies with oximetry drop-out >1 h throughout the night
were excluded from analyses of respiratory outcomes [27, 28]. Measures of sleep architecture included total
time and percentage of sleep time per stage, and total number of awakenings (defined as the total number
of transitions from any “sleep” to “wake” epochs throughout the night, excluding the final awakening).
Sleep parameters included total sleep time, sleep onset latency, wake after sleep onset and sleep efficiency.

Statistical analyses

Data were analysed with SPSS version 22 (IBM Statistics, Armonk, NY, USA). This substudy included all
145 patients from a larger trial, which was powered to detect a between-group difference in adherence to
CPAP therapy following CBTi versus control in COMISA patients [25]. Linear mixed models including
fixed effects of group (CBTi or control), time (pre- or post-treatment), posture (supine or nonsupine) and
sleep stage (N1, N2, N3 or REM) were performed to examine the effect of CBTi versus control on changes
in stage- and posture-dependent respiratory/arousal events from pre- to post-treatment. Mixed models
including group (CBTi or control) and time (pre- or post-treatment) were used to examine the effect of
CBTi versus control on changes in PSG sleep architecture and sleep parameters during treatment. Data are
presented as means and 95% confidence intervals, and p-values <0.05 were considered statistically
significant. In the case of significant interaction or main effects, relevant pairwise post hoc comparisons
were investigated using Bonferroni corrections to account for multiple contrasts. Cohen’s d values were
calculated with pooled pre-treatment standard deviations. Following inspection of distributions for
skewness (skewness >1), logarithmic corrections were performed for oxygen desaturation index, duration
of respiratory events, number of awakenings, and sleep onset latency, wake after sleep onset and sleep
efficiency. As main and interaction effects of group and time remained unchanged before and after
applying logarithmic corrections for normality, uncorrected outcomes are reported. Missing data were
classified as missing at random and missing completely at random according to pre-defined criteria [25].

Results

Pre-treatment and demographic data

There were no significant pre-treatment differences between the CBTi and control groups in age, sex, body
mass index, AHI, insomnia severity or other anthropometric measures (see previous report [25]), or
objective sleep or respiratory parameters (table 1). Oximetry drop-out >1 h during the night resulted in
the exclusion of four PSG studies pre-treatment (two CBTi and two control) and four PSG studies
post-treatment (three CBTi and one control) from analyses of changes in respiratory events.

Sleep parameters and sleep architecture

In addition to a previously reported greater pre- to post-treatment reduction in sleep diary- and
questionnaire-based assessments of insomnia severity [25], the current analyses revealed a 21.1-min (95%
CI 19.2 min) greater reduction in wake after sleep onset in the CBTi group compared to the control group
(table 1).

The CBTi group also showed a 15.5-min (95% CI 14.3 min) greater pre- to post-treatment reduction in
N1 sleep duration (table 1) but with no other group by time interactions in time spent in minutes or as a
percentage of sleep time in any stage (table 1). The total number of nocturnal awakenings throughout the
night was also reduced from pre- to post-treatment in the CBTi but not the control group (interaction
p=0.029; CBTi group change p=0.007, d=0.2; control group change p=0.73, d=0.0) (table 1).
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TABLE 1 Polysomnographic sleep study variables pre- and post-treatment, and between-group differences pre- and during

treatment

CBTi Control Pre-treatment During
p-value treatment
Pre-treatment Post-treatment d Pre-treatment Post-treatment d F p-value
AHI* events-h~’ 36.4 (4.9) 30.9 (5.0 0.2 37.5 (4.7) 39.5 (4.9) 0.1 0.758 6.4 0.012
Arousal index” events-h~" 36.3 (4.2) 32.6 (4.3) 0.2 36.9 (4.2) 36.6 (4.2) 0.0 0.844 22 0138
oDI* events-h~" 27.1 (4.8) 243 (4.9) 0.1 30.0 (4.8) 30.6 (4.8) 0.0 0.954 0.1 0.224
Respiratory event 22.1(1.2) 22.5(1.2) 0.1 22.7(1.2) 21.9 (1.2) 0.2 0.456 3.6 0.060
duration® s
Total number of 37.7 (4.7) 32.7 (4.7) 0.2 35.2 (4.7) 35.9 (4.7) 0.0 0.471 49  0.029
awakenings
Total sleep time min 375.2 (20.5) 355.4 (21.0) 0.2  358.4(20.3) 363.8 (20.5) 0.1 0.305 2.4 0.123
Sleep onset latency min 32.5(9.4) 21.2(9.7) 0.2 29.2(9.3) 23.3 (9.4) 0.1 0.626 0.4 0550
Wake after sleep onset 95.7 (13.6) 69.7 (13.9) 0.5 82.1 (13.4) 77.2 (13.6) 0.1 0.162 47 0.031
min
Sleep efficiency % 74.3 (2.9) 79.3 (3.0) 0.4 75.0 (2.9) 76.1 (2.9) 0.1 0.747 25 0.115
N1 min 84.2 (11.0) 76.5 (11.2) 0.1 82.6 (10.8) 89.4 (11.0) 0.1 0.865 4.7  0.033
N2 min 180.1 (11.0) 164.8 (11.2) 0.3 163.6 (10.8) 164.3 (11.0) 0.0 0.088 2.7 0.102
N3 min 49.1 (11.0) 48.3(11.2) 0.0 54.3 (10.8) 49.6 (11.0) 0.1 0.409 0.7 0.421
REM min 62.3(11.0) 63.7 (11.2) 0.0 56.2 (10.8) 60.4 (11.0) 0.1 0.237 0.2 0.639
N1 % 22.7 (3.4) 21.9 (3.4) 0.1 24.1 (3.3) 24.5 (3.4) 0.0 0.556 05 0.472
N2 % 48.1 (2.6) 47.3 (2.6) 0.1 45.7 (2.6) 45.0 (2.6) 0.1 0.193 0.0 0.912
N3 % 13.2 (2.2) 13.6 (2.3) 0.0 16.3 (2.3) 15.4 (2.3) 0.1 0.058 1.1 0.303
REM % 16.4 (1.6) 17.6 (1.6) 0.2 15.8 (1.6) 16.7 (1.6) 0.1 0.613 0.1 0.750
Supine sleep time min 160.3 (31.6) 156.6 (31.9) 0.0 170.3 (31.3) 175.1 (31.3) 0.0 0.658 0.3 0.571
Nonsupine sleep time min  210.6 (31.6) 194.5 (32.0) 0.1 187.4 (31.3) 188.4 (31.4) 0.0 0.306 0.9 0.345
Supine sleep time % 41.8 (8.0 44.0 (8.0) 0.1 47.7 (7.9) 50.8 (7.9) 0.1 0.304 0.2 0.701
Nonsupine sleep time % 56.9 (8.0) 55.6 (8.1) 0.0 48.2 (7.9) 51.7 (7.9) 0.1 0.284 0.3 0612

Data are presented as mean (95% confidence interval] unless otherwise stated. CBTi: cognitive behavioural therapy for insomnia; d: Cohen’s d
for per-group change; AHI: apnoea-hypopnoea index; ODI: oxygen desaturation index. *: collapsed over stage and posture. Bold indicates
statistically significant p-values.

Apnoea-hypopnoea index

There were no higher order (three- or four-way) interactions effects involving group, time, posture and/or
stage, but there was a significant group by time interaction effect on AHI (figure 2 and table 1), with a
7.5-eventh ™' difference (20.5% between-group change; interaction p=0.012) in pre- to post-treatment AHI
change in the CBTi (mean (95% CI) reduction 5.5 (4.2) events-h™'; p=0.011, d=0.2) compared to the
control group (mean (95% CI) increase 2.0 (4.1) events-h™; p=0.326, d=0.1). Two sensitivity analyses were
performed to control for pre-treatment AHI and insomnia severity index scores [28], respectively, which
did not change the group by time interaction on AHIL

AHI was also strongly posture and stage dependent (figure 3), and was consistently greater in supine than
nonsupine postures across all sleep stages (p<0.001), and in N1 and REM sleep compared to N2 and N3
sleep in both supine and nonsupine postures (all p<0.001).

Arousal index, oxygen desaturation index and duration of respiratory events

There were no three- or four-way interactions or group by time interaction effects on the arousal index,
oxygen desaturation index or duration of respiratory events (table 1), but there were significant stage by
posture interaction effects on arousal index (figure 3), oxygen desaturation index and duration of
respiratory events.

Discussion

The main finding of the current study is that COMISA patients treated with CBTi showed a 7.5-point
greater AHI difference (20.5% between-group difference) from pre- to post-treatment across sleep stages
and postures, compared to a no-treatment control group. CBTi patients also experienced a 21-min greater
decrease in objective wake after sleep onset, a 15% greater reduction in the total number of nocturnal
awakenings and a 15-min greater reduction in N1 sleep than control patients. These results indicate that
CBTi reduces nocturnal insomnia symptoms and, to a small extent, OSA severity. This is consistent with
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FIGURE 2 Changes in apnoea-hypopnoea index (AHI) from pre- to post-treatment between groups, sleep
stage and posture. Data are presented as meanzsem. CBTi: cognitive behavioural therapy for insomnia.

insomnia symptoms exacerbating OSA in COMISA patients. Given the effect of CBTi on improved
acceptance and use of CPAP therapy in COMISA [25], these results provide additional support for the use
of CBTi prior to commencing CPAP therapy in the 30-50% of OSA patients with comorbid insomnia
symptoms [9, 11].

We hypothesised that CBTi would increase the percentage of sleep time in N3 sleep and reduce the
percentage of sleep time in N1 sleep, thereby resulting in a decrease in the AHI [4, 20]. Although we
observed a small between-group difference in the change in N1 sleep (min) during treatment, there was no
systematic change in the distribution (%) of time spent in any sleep stage between CBTi and control
groups. Furthermore, the CBTi group showed a reduction in AHI across all sleep stages, suggesting that
the effect of CBTi on changes in AHI was not mediated by changes in sleep stage distribution effects.

It is possible that CBTi improves sleep continuity, which reduces manifestations of OSA in COMISA
patients [16]. For example, we observed that CBTi significantly reduced the frequency and total duration
of nocturnal awakenings, and time in N1 sleep, compared to the control group. Previous research has
reported that partial sleep deprivation and fragmentation, and acute episodes of insomnia increase the
AHI [14, 29-32]. In combination, these findings suggest that common manifestations of untreated
insomnia may contribute to increased OSA severity before treatment. Hence, it is possible that CBTi
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FIGURE 3 Mean apnoea-hypopnoea index (AHI) and arousal index by sleep stage and sleep posture (collapsed
over intervention group and time). Data are presented as mean (95% confidence interval).
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consolidates periods of sleep and reduces sleep-wake transitions to improve airway stability as reflected by
a small reduction in AHI.

Alternatively, it is possible that the bedtime restriction component of CBTi may increase homeostatic sleep
drive throughout the night to increase the arousal threshold to both external (e.g. sound, light and
temperature) and internal physiological (e.g. respiratory events) stimuli [21, 33]. Indeed, a low respiratory
arousal threshold has been implicated in the pathophysiology of OSA and may be a common underlying
factor in patients with COMISA [15, 34-36]. The propensity for brief arousals to transition to full
awakening events may also be influenced by underlying homeostatic sleep drive. Although we did not
observe an effect of CBTi on the arousal index, future research should investigate changes in the
respiratory arousal threshold and relationships between cortical arousal and full awakening events in
COMISA patients following CBTi [15, 34].

A meta-analysis of placebo-controlled studies found that among untreated OSA patients,
non-benzodiazepine hypnotics do not change the AHI but are associated with a 6.6-min greater reduction
in sleep onset latency and a 24-min greater reduction in wake after sleep onset [37]. In contrast, we have
demonstrated that compared to a no-treatment control group, CBTi leads to a 7.5-eventh™' (20.5%
between-group difference) difference in AHI and a 21-min greater reduction in wake after sleep onset in
COMISA patients. These improvements occurred without the risk of negative side-effects or long-term
dependence associated with sedative hypnotic medications [38]. Furthermore, we recently demonstrated
that CBTi decreases insomnia severity in COMISA patients, and increases subsequent acceptance and
long-term use of CPAP therapy by 1 h-night™" [25]. Hence, treatment of comorbid insomnia with CBTi
improves insomnia symptoms, reduces the frequency of respiratory events, and increases subsequent
acceptance and use of CPAP therapy in OSA patients with comorbid insomnia symptoms.

Although average sleep time appeared to show a 20-min reduction following CBTi compared to a 5-min
increase following control, the interaction effect was not statistically significant. Patients who continued to
apply sleep restriction techniques post-treatment could potentially reduce total sleep time through reduced
time in bed. CBTi also promotes decreased wakefulness and improved perceptions of sleep (less
underestimation of sleep), rather than necessarily increased objective sleep time. Furthermore, any small
reduction in total sleep time immediately post-treatment often rebounds longer-term follow-up once
bedtime restriction is further relaxed.

Consistent with the current findings that CBTi reduces OSA severity, the presence of bidirectional
relationships is supported by previous research that demonstrates that treatment of OSA can improve
specific insomnia symptoms [17, 18]. More research is needed to understand potential bidirectional
mechanistic pathways underpinning the high comorbidity of insomnia and OSA, and to develop tailored
treatment approaches for different COMISA patients [9, 16].

Limitations

As the current study represents a substudy of data drawn from a previous RCT [25], we did not include
blood sampling, high density electroencephalography or detailed physiological measures during PSG sleep
studies (to measure markers of hyperarousal, respiratory arousal threshold or genioglossus activity). Future
studies may consider measuring these and other physiological variables at key points during treatment to
better understand the mechanisms by which insomnia and OSA interact.

Secondly, sleep stages were scored according to AASM 2007 criteria [27]. This requires the visual
identification of “sleep” EEG for the majority of a 30-s epoch of sleep, and may not capture more subtle
and/or more transient features of sleep disturbance in COMISA patients. Future research using more
detailed and systematic EEG spectral analysis may be useful to better examine the nature of relationships
between EEG disturbances and respiratory events in COMISA patients.

Finally, the current sample included adults with at least moderate insomnia (psychologist diagnosis) and
OSA (physician diagnosis, AHI >15 events:h™"), and results may not generalise to patients with different
levels of insomnia and OSA severity. Therefore, future studies are required to determine the effect of CBTi
on AHI in COMISA patients with mild insomnia and/or OSA.

Conclusion

Among COMISA patients, treatment of the insomnia with CBTi led to a 7.5-event-h™" difference in AHI
across sleep stages and postures, compared to a no-treatment control. CBTi also resulted in a greater
reduction in the total number and duration of nocturnal awakenings and N1 sleep, but no change in other
sleep/wake parameters or sleep architecture compared to control. The effect of CBTi on reduced AHI may
be mediated by a reduction in nocturnal awakenings and sleep-wake transitions, or the bedtime restriction
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component of CBTi, which may increase the respiratory arousal threshold. These data provide further
support for the use of CBTi to treat insomnia symptoms in COMISA patients.
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