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Abstract

Purpose of Review Insomnia and sleep apnoea are the two most prevalent sleep disorders and frequently co-exist. Co-morbid
insomnia and sleep apnoea (COMISA) is increasingly recognised as a highly prevalent condition that is associated with worse
sleep, daytime function, physical and mental health compared to either disorder alone. Compared to people with sleep apnoea
alone, those with COMISA are less likely to accept and use positive airway pressure therapy, the most effective treatment
for sleep apnoea. Given the high prevalence, morbidity and complexities in effectively managing COMISA, it is critical to
develop a better understanding of the aetiology, consequences and effective treatments for this condition. This report aims
to provide an overview of recent COMISA research.

Recent Findings This report presents an overview of emerging areas of COMISA research over the past 5 years, including (1)
mental and physical health associations of COMISA, (2) bi-directional relationships between insomnia and sleep apnoea, (3)
positive airway pressure therapy for COMISA and (4) cognitive behavioural therapy for COMISA. Future research directions
are discussed, including tailored treatment approaches and implementation programs to improve recognition and management
of COMISA.

Summary COMISA is a highly prevalent and debilitating condition in sleep clinic and population-based settings. Emerging
research aims to develop and implement more effective and tailored treatment approaches for COMISA, to improve sleep,
mental health, physical health and quality of life in people with COMISA.

Keywords Difficulties initiating and maintaining sleep - Sleep-disordered breathing - CBT-I - Cognitive behavioural
therapy for insomnia - CPAP - Positive airway pressure

Abbreviations
CBT-1 Cognitive behavioural therapy for insomnia

daytime impairment, and is defined as a chronic condition
when persisting for at least 3 months [2]. OSA is charac-

COMISA Co-morbid insomnia and sleep apnoea terised by repetitive brief narrowing (hypopnoea) and/or
OSA Obstructive sleep apnoea closure (apnoea) of the upper airway during sleep, resulting
PAP Positive airway pressure in reduced oxygen saturation, cortical arousals, reduced
sleep quality and daytime impairment [2]. Chronic insom-
nia and OSA each occur in approximately 5-20% of the
Introduction general adult population, with prevalence estimates varying

by severity threshold, assessment tools and sample charac-

Insomnia and obstructive sleep apnoea (OSA) are the two teristics [3, 4]. Both insomnia and OSA are associated with

most prevalent sleep disorders and frequently co-exist [1e].
Insomnia is characterised by self-reported difficulties ini-
tiating sleep and/or maintaining sleep, with associated
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increased risk of physical and mental health problems, and
incur high economic costs through healthcare utilisation,
reduced quality of life and reduced workplace productiv-
ity [5-8].

Although the co-morbidity of insomnia and OSA was first
described in 1973 [9e], there were very few studies focusing
on this area for the next three decades. In 1999 and 2001,
Lichstein [10e] and Krakow [11e] reported on the high prev-
alence of co-occurring insomnia and OSA and ignited an
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increase in research attention to this field. In 2017, we coined
the term co-morbid insomnia and sleep apnoea (COMISA),
with the aim of generating more research and clinical interest
in this prevalent yet under-recognised condition [1e]. Over
the following 6 years, the COMISA field gradually received
an increasing amount of research and clinical attention. It has
since become apparent that COMISA is a prevalent condi-
tion that is associated with significant mental and physical
morbidity, and is more difficult to treat compared to either
condition alone [12, 13]. Approximately 30-50% of patients
with OSA report clinically significant insomnia symptoms,
while 30-40% of patients with insomnia have co-morbid OSA
[14e] (Fig. 1). The high co-morbidity of insomnia and OSA
has been reported consistently in population-based samples,
sleep clinics, hospital clinics and specialist insomnia treat-
ment services [14e, 15, 16e].

This report aims to present an overview of recent and
emerging research in the field of COMISA and highlight
future research and translation opportunities.

Mental and Physical Health Associations
of COMISA

COMISA is generally associated with worse overall mental
health, physical health, daytime function, quality of life and
sleep, compared to people with neither disorder, and often com-
pared to those with insomnia alone and OSA alone [1e, 17].
Sleep and mental health share strong bi-directional rela-
tionships [18]. Disturbed sleep is a frequent symptom of
depression, and people with sleep disorders are at increased
risk of experiencing depression [19]. Given the associations
of both insomnia and depression [5], and OSA and depression
[6], it is unsurprising that COMISA is also associated with a
large impact on depression presence and severity. For exam-
ple, Lang and colleagues reported that among 700 commu-
nity-dwelling males, those with COMISA had a significantly
higher prevalence of depression (42.6%), compared to those
with insomnia (21.6%), or OSA alone (8.4%) [20]. A recent
review of 15 studies by Jeon and colleagues [21] found that
COMISA was associated with elevated depression symptoms,
with the insomnia component of the disorder playing the
predominant role. The exact mechanisms linking COMISA

6-10% of the general
population have
“chronic insomnia”

30-40% of patients with
insomnia fulfil criteria for OSA

~10% of the general
population have =
moderate OSA

/T\

30-50% of patients with OSA
report insomnia symptoms

Fig. 1 Co-morbid insomnia and sleep apnoea (COMISA) is prevalent in 30-40% of patients with insomnia, and 30-50% of patients with

obstructive sleep apnea (OSA). Figure adapted with permission from Sweetman et al. [14]
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and depression are not well understood. A simple additive
effect of nocturnal and daytime symptoms of each disorder
may contribute to a reduced quality of life, poor mood and
depression. Alternatively, more complex interactions between
the mechanisms and manifestations of the two disorders may
play a unique role in reducing mental health in people with
COMISA [14e]. Night-to-night variability in sleep (insomnia
symptoms, OSA severity, perceptions of sleep quality) and
daytime symptoms (sleepiness, fatigue, depression) have not
been studied in the context of COMISA [22].

Three recent population-based studies have reported
that COMISA is associated with an increased risk of all-
cause mortality, compared to people with neither insomnia
nor OSA [23, 24, 25¢]. Lechat and colleagues [25¢] used
the Sleep Heart Health Study data to investigate the asso-
ciation of co-morbid insomnia (difficulties initiating and/
or maintaining sleep and daytime impairment on at least
15 nights/month) and OSA (apnoea-hypopnoea index > 15)
and all-cause mortality in 5236 participants. After control-
ling for socio-demographics, behavioural factors, chronic
conditions and potential mediators/moderators, COMISA
was associated with a 47% increased risk of all-cause
mortality compared to people with neither insomnia nor
OSA over 15 years of follow-up. In the NHANES data
(N=6877) [23], self-reported insomnia symptoms and
a high-risk of OSA (according to the STOP-Bang tool
[26]) were similarly associated with a 56% increased risk
of all-cause mortality compared to people with neither
insomnia nor OSA in the fully adjusted model (Fig. 2).

Results were robust across multiple sensitivity definitions
of high-risk OSA. Finally, in the Wisconsin Sleep Cohort
(N=1115) Lechat and colleagues [24] reported that the
combination of infrequent insomnia symptoms and at least
mild OSA was associated with a 71% increased risk of
mortality compared to neither insomnia nor sleep apnoea
in adjusted models.

The association between COMISA and a 50-70%
increased risk of all-cause mortality may be mediated by
several possible mental health, physical health and treat-
ment access/acceptance pathways. For example, the asso-
ciation of COMISA and depression may contribute to
increased overall mortality risk in those with COMISA [20,
21]. Potential associations between COMISA, depression,
suicide risk and the impact of treatment/s on mitigating
these risks require further research [27]. Physical health
consequences of COMISA may also mediate the associa-
tion with mortality. Lechat and colleagues [28] also recently
reported that COMISA is uniquely associated with a 75%
increased prevalence of cardiovascular disease (95% con-
fidence interval =1.14-2.67), in the Sleep Heart Health
Study. We also observed an unadjusted association between
COMISA and risk of incident cardiovascular events (hazard
ratio: 2.00, 95% CI=1.33-2.99; after excluding participants
with prevalent cardiovascular disease at baseline) which
was no longer significant in fully controlled models [28].
Previous research has investigated cross-sectional associa-
tions between COMISA and cardiovascular disease/health;
however, more longitudinal studies investigating COMISA
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and incident cardiovascular outcomes are required [29-32].
Third, COMISA may also be associated with mortality risk
due to the reduced access, acceptance and use of evidence-
based treatments for OSA and insomnia, compared to
treatment access/use in people with either disorder alone.
Relationships between COMISA and treatment access and
use are described in more detail below; however, there is
a consistent body of literature reporting that patients with
COMISA are less likely to accept and use positive airway
pressure therapy, compared to patients with OSA alone
[12]. Furthermore, insomnia is frequently managed with
sedative and hypnotic medicines and sub-optimal ‘sleep
hygiene’ advice, rather than the recommended treatment—
cognitive behavioural therapy for insomnia (CBT-I) [33].
Hypnotics have been investigated as a potential treatment
approach in specific sub-samples of patients with OSA,
but are not appropriate for all patients [34]. For example,
sedative-hypnotics may exacerbate sleep apnoea severity in
individuals with severe hypoxemia and should be avoided
due to depressant effects on respiratory control mechanics.
Furthermore, hypnotics may be associated with next-day
sedation and sleepiness, especially in older adults [35] or
those with pre-existing daytime sleepiness. Among peo-
ple with insomnia symptoms and undiagnosed OSA, sed-
ative-hypnotics prescriptions for insomnia may exacerbate
daytime sleepiness and increase risk of falls/fractures, or
motor-vehicle accidents, exacerbating the daytime/health
consequences of the condition. Indeed, hypnotics are not
recommended for the management of insomnia in older
adults or as a long-term management approach, as the ther-
apeutic benefit is outweighed by patterns of dependence,
abuse and adverse event risks [35]. Similarly, although
CBT-I is an effective treatment for insomnia in the presence
of OSA [36e], it is associated with a small increase in day-
time sleepiness during the first 1-2 weeks of sleep restric-
tion therapy [37]. There is at least one documented case
of a sleepiness-related motor-vehicle accident during sleep
restriction therapy in a patient with undiagnosed OSA [38].
This highlights the importance of identifying COMISA in
those presenting with insomnia symptoms and close moni-
toring of daytime sleepiness/alertness during sleep restric-
tion protocols in such patients.

The three recent population-based studies reporting
a 50-70% increase in mortality risk among people with
COMISA compared to those with neither condition is of
obvious concern [23, 24, 25e]. These potential mental
health, physical health and treatment access/use mediators
between COMISA and mortality are entirely speculative.
More research is needed to understand the specific features
of COMISA that are associated with mortality risk, the
factors that mediate this relationship, and the potential
role of different interventions and treatment approaches
in reducing this risk.

Bi-directional Relationships Between
Insomnia and OSA

There is evidence that insomnia and OSA are bi-direction-
ally related [14e]. Interactions between the mechanisms
and manifestations of each condition may contribute to the
development and exacerbation of the other disorder, result-
ing in greater morbidity and reduced response to treatments
that are effective for the management of each disorder pre-
senting alone. A hypothesis that is generally well accepted
in the sleep medicine community is that OSA can directly
contribute to insomnia symptoms. For example, respira-
tory events and post-apneic arousals may cause more fre-
quent awakenings from sleep with increased sympathetic
activity, and consequently, insomnia symptoms. These
insomnia symptoms may be dependent on the presence
of OSA, or compensatory (perpetuating) behaviours and
cognitive pathways could emerge over time, which would
result in the insomnia becoming a functionally independ-
ent co-morbid condition [39, 40]. This hypothesis is sup-
ported by cohort studies reporting that OSA may increase
the risk of incident insomnia symptoms [41], and clinical
trials reporting a moderate improvement in insomnia symp-
toms among some patients with COMISA following PAP
therapy [14e, 42].

The reverse of this pathway has received comparatively less
attention. It is also possible that insomnia symptoms contrib-
ute to the exacerbation of OSA through increased cognitive
and physiological activity (also referred to as ‘hyperarousal’)
delaying transition to stable sleep, and modifying the respira-
tory arousal threshold. This may exacerbate sleep apnea sever-
ity in those with a pre-existing anatomical pre-disposition to
airway collapse [14e]. This hypothesis is supported by stud-
ies reporting that experimentally induced sleep deprivation/
restriction may exacerbate some features of OSA [14e], and a
randomised controlled trial reporting that CBT-I reduces OSA
severity in 145 patients with co-morbid insomnia and mod-
erate/severe untreated OSA (Fig. 3, also described below).
Studies investigating longitudinal trajectories of COMISA
development from neither condition, insomnia alone and sleep
apnoea alone are needed [43].

Several emerging studies aim to investigate the respira-
tory arousal threshold in people with COMISA [44-46].
The respiratory arousal threshold is a non-anatomical trait
that contributes to OSA pathophysiology in approximately
one-third of patients with OSA. Premature arousal/awak-
ening to relatively minor respiratory stimuli and termina-
tion of respiratory events may contribute to cyclic periods
of respiratory instability, and overall exacerbation of sleep
apnea severity [47]. We hypothesised that insomnia may
reduce the threshold to arouse to both external stimuli (e.g.
light, sound, temperature) and internal stimuli (including
respiratory stimuli) throughout the night [14e]. Hence, in
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Fig.3 Cognitive behavioural therapy for insomnia (CBT-I) is associated with a greater reduction in the apnoea-hypopnoea index (AHI) from
pre-treatment to 6-week follow-up than no-treatment control. Figure adapted with permission from Sweetman et al. [14]

people with an anatomical compromise to airway collapse
(e.g. narrow upper airway), a state of heightened conditioned
cognitive and physiological arousal in the evening that is
frequently present in people with insomnia may moderate
the respiratory arousal threshold to exacerbate OSA sever-
ity [14e]. This emerging area of COMISA research may be
important to refine existing treatments and develop new
treatment approaches tailored to the underlying features of
the condition [44, 45].

Positive Airway Pressure Therapy
for COMISA

Positive airway pressure (PAP) therapy combined with
weight management advice is the recommended ‘first-line’
treatment for moderate and severe OSA [48]. Although
PAP therapy improves many nocturnal and resulting day-
time symptoms of OSA, many patients find it difficult to
wear nasal/oro-nasal masks that deliver positive air pressure
for the duration of the sleep period. Consequently, many
patients reject PAP therapy or experience patterns of sub-
optimal use over time [49].

Unsurprisingly, COMISA is associated with reduced
adherence to PAP therapy, compared to OSA alone [12].

@ Springer

For example, it can be difficult for a patient with chronic
insomnia to embrace a treatment that requires strapping a
mask and tubing their head, which administers air pressure
to the nose/throat, despite their pre-existing difficulties fall-
ing asleep, long awakenings throughout the night and a pre-
disposition to avoid activities that may ‘harm’ their sleep.
There are several ways that insomnia symptoms may reduce
PAP adherence. In patients with COMISA, PAP therapy may
exacerbate pre-existing insomnia symptoms [50], may be
viewed as a ‘threat’ to sleep (which patients with insomnia
are generally more protective of), or may provide less thera-
peutic benefit if insomnia symptoms persist despite adequate
PAP use. Consequently, people with COMISA are ~30% less
likely to accept PAP compared to those with sleep apnoea
alone [51], and among patients that do start PAP therapy,
nightly use is ~2 times lower in patients with COMISA com-
pared to sleep apnoea alone [le, 12, 51, 52].

Despite this overall effect of co-morbid insomnia on
reducing PAP use, a minority of people with COMISA
do accept PAP therapy, show adequate PAP use and
experience improvement of both insomnia symptoms
and OSA with PAP [53]. A recent review identified that
PAP therapy is associated with a 20-50% improvement in
insomnia severity among patients with COMISA (poten-
tially driven by improvements in daytime symptoms of
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insomnia which are shared by both insomnia and OSA)
[14e]. An emerging area of research aims to identify this
PAP-responsive sub-group of people with COMISA, to
refine tailored treatment approaches.

Until this PAP-responsive group of patients with
COMISA can be reliably identified, PAP therapy appears
to be a sub-optimal ‘fist line’ treatment for most patients
with COMISA. Early negative experiences with PAP therapy
may reduce the likelihood of future PAP acceptance and use.
Consequently, several research groups have suggested that
patients with COMISA should receive targeted behavioural
insomnia treatment to improve insomnia symptoms, reduce
this barrier to PAP use and facilitate more positive/success-
ful initial experiences with PAP therapy [1e, 13, 15].

Managing COMISA with Cognitive
Behavioural Therapy for Insomnia

Cognitive behavioural therapy for insomnia (CBT-I) is the
recommended ‘first-line’ treatment for insomnia [48, 54, 55].
CBT-I is a multi-component therapy that aims to identify and

target the underlying cognitive and behavioural mechanisms
that maintain insomnia, to gradually improve sleep and day-
time function. We recently reported in a systematic review and
meta-analysis that CBT-I is associated with a large reduction
in insomnia severity among patients with treated and untreated
co-morbid OSA (Hedge’s g= —0.89, 95% confidence inter-
val=—1.35 to—0.43) [36e]. We identified 14 unique studies
including 1040 patients investigating the effect of CBT-I in
patients with COMISA, of which 9 studies were appropriate
for meta-analysis (Fig. 4). Sub-group meta-analyses also indi-
cated that CBT-I improves insomnia symptoms among patients
with treated and untreated OSA, highlighting the importance of
future research to investigate different sequences of CBT-I and
PAP therapy commencement [36e].

CBT-I may also improve manifestations and subse-
quent management of OSA in patients with untreated OSA.
For example, we used randomised controlled trial data to
investigate the effect of a 4-session psychologist-delivered
CBT-I program, versus no-treatment control, on changes
in the apnoea-hypopnoea index from pre-treatment to
6-week follow-up in 145 patients with co-morbid insom-
nia and untreated moderate/severe OSA. Home-based
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Fig.4 Forest plot of effect of CBT-I on the Insomnia Severity Index
in patients with COMISA (Hedge’s g, 95% confidence interval). Of
interest, the two studies with 95% confidence intervals crossing O

had the smallest COMISA sample sizes. Reproduced from Sweetman
et al. [36@] through CC-BY license
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polysomnography studies indicated that the CBT-I group
experienced a significantly greater reduction in the apnoea-
hypopnoea index from pre-treatment to 6 weeks (5.5-point
reduction) than the control group (2-point increase) adjust-
ing for body posture and sleep stage (Fig. 3). This small
improvement in OSA severity may have been due to reduced
physiological and cognitive ‘hyperarousal’, or consolidating
sleep periods to reduce time spent in ‘light’ transitional sleep
stages following CBT-I. CBT-I was also associated with a
reduction in objective awakening frequency and duration.
Future studies should investigate the effect of CBT-I1 on OSA
severity, and mechanisms underpinning this relationship.
For example, it may be possible to use wearable/nearable
sleep monitoring equipment to track indices of OSA severity
from night-to-night of CBT-I, to understand the treatment
components and timing of CBT-I that is associated with the
largest improvement of OSA severity. Non-anatomical traits
of OSA, including the respiratory arousal threshold, may be
extracted from polysomnography studies before and after
CBT-I to also understand the effect of insomnia treatment on
moderating these underlying traits of sleep apnoea.

Several research groups have also hypothesised that
treating insomnia may improve subsequent PAP adherence
[56, 57, 58, 59]. Four recent randomised controlled tri-
als have investigated the effect of CBT-I versus education/
no-treatment control on improving insomnia symptoms
and increasing subsequent use of PAP therapy in patients
with COMISA. Sweetman [57¢] and Alessi [58] reported
increased adherence to PAP therapy following CBT-I versus
control, while Ong [59] and Bjorvatn [56] reported no effect
of CBT-I on PAP use (see Sweetman et al. [36¢] for a review
of methodological differences between studies). Future
studies are required to understand the specific COMISA
sub-groups, settings, CBT-I components and duration, and
comparator conditions, that are associated with the greatest
effects of CBT-I on subsequent PAP use.

Although CBT-I is the recommended ‘first-line’ treatment
for insomnia, and is effective in patients with COMISA, very
few patients with insomnia presently access this treatment
[60]. Regarding the management of COMISA, it may be
possible to implement insomnia screening, diagnostic and
CBT-I pathways in sleep clinic settings that currently spe-
cialise in the diagnosis and management of OSA alone. This
would provide an evidence-based assessment and treatment
pathway for the 30-50% of OSA patients with clinically
significant co-morbid insomnia. For example, brief insom-
nia screening questionnaires such as the Insomnia Sever-
ity Index [61] may be administered alongside other rou-
tine intake questionnaires (sleepiness, chronic conditions,
etc.). Patients reporting clinically significant nocturnal and
daytime insomnia symptoms [62] could be considered for
further diagnostic assessment (e.g. with a 1-week sleep
diary, daytime function questionnaires, and a follow-up
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consultation with a behavioural sleep medicine specialist),
and referral for CBT-I. Given some evidence suggesting that
CBT-I can improve subsequent acceptance and use of PAP
therapy, it may be appropriate to administer CBT-I prior
to commencing PAP therapy [57¢]. Many patients experi-
ence a> 6-week waiting period between diagnostic and PAP
titration/commencement appointments, which may allow
for CBT-I to be administered without delaying PAP therapy
commencement. CBT-I has been translated to several modal-
ities including delivery by psychologists, psychology stu-
dents, nurses, and other health professionals, tele-health and
group delivery, brief behavioural therapy for insomnia and
self-guided or hybrid online/clinician guided CBT-I through
interactive online programs [36e]. Moderate to large effects
have been reported for several of these different modalities
[63]; however, most studies of CBT-I in COMISA popu-
lations have focused on psychologist/clinician-delivered
treatment. Consequently, future research is required to
understand the effectiveness of other CBT-I modalities in
patients with untreated co-morbid OSA (for efficacy, safety/
side effects, and acceptability, and optimal timing with PAP
commencement). Larger mixed-methods implementation
programs to understand the feasibility, barriers and facili-
tators to implementing different CBT-I modalities in sleep
clinic settings are needed, to improve the current manage-
ment of patients with COMISA.

Conclusion

COMISA is a highly prevalent condition that is associated
with greater morbidity and more complex treatment decisions
compared to either insomnia or OSA alone. Although first
described in 1973, the field of COMISA has only recently
received an increase in research and clinical attention. Given
the high prevalence of COMISA in sleep clinic and popula-
tion-based settings, it is critical to undertake more research to
understand the aetiology of COMISA, develop more effective
and personalised treatments, and to implement these COMISA
management pathways throughout the health system.
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