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Insomnia and obstructive sleep apnea (OSA) are often both present in patients with

sleep-disordered-breathing (SDB). The coexistence of the two disorders shows an

increase in cumulative morbidity and an overall greater illness severity. There is still

considerable controversy regarding management decisions in this group of patients.

This systematic review focused on more recent evidence regarding treatment of patients

presenting with both clinical entities of comorbid insomnia and OSA (COMISA) in terms

of their management, especially using combinations of positive airway pressure [PAP,

namely aPAP, cPAP, adaptive servo-ventilation (ASV)] and CBTi as well as each one of

these two modalities alone. As a conclusion it is necessary to specifically target distinct

combinations of both insomnia (initial, middle, late) and OSA (mild, moderate, severe)

phenotypes. The present review gives reason to assume that both CBTi and PAP-therapy

are necessary. However, it appears that distinct treatment patterns may suit different

COMISA phenotypes.

Keywords: COMISA, sleep apnea, insomnia, PAP-therapy, cognitive behavioral therapy

INTRODUCTION

Insomnia and obstructive sleep apnea (OSA) are often both present in patients with
sleep-disordered-breathing (SDB) (1–3). An association between insomnia and OSA was first
described in 1973 (4). Some studies have shown a high prevalence (39 to 55 %) of insomnia
symptoms in patients with OSA in the past (1, 5–7). Insomnia and OSA both share a number of
negative consequences, which include increased cardiovascular risk and decreased health-related
quality of life (QOL) (8–11). The two disorders combined show an increase in cumulativemorbidity
and an overall greater illness severity (5). It is believed that OSA could either cause insomnia or
exacerbate it (12).

Some studies suggest that the presence of insomnia symptoms may reduce the positive airway
pressure (PAP)-compliance in OSA patients (13–16). On the other hand, some studies give reason
to believe that insomnia refractory to usual cognitive behavioral therapy (CBTI) may be associated
with coexistent SDB. It is also suggested that adequate OSA-therapy leads to improvement
of insomnia symptoms (13). Nonetheless, there is still considerable controversy regarding
management decisions in this group of patients. The correlation between OSA severity and severity
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of co-existent insomnia is weak. This fact in combination with
a usually indistinguishable clinical presentation of comorbid
insomnia and obstructive sleep apnea (COMISA) (17) and
insomnia alone raises questions as to whether COMISA is a
separate distinct clinical entity at all (18).

To date, themost recent reviews on this topic are from the year
2010 and 2017. In their systematic review from the year 2010,
Luyster et al. suggested that the combination of both CBTI and
OSA treatment resulted in greater improvements in insomnia
than did either CBTI or OSA treatment alone (13). Sweetman
et al. reviewed research focusing on prevalence, characteristics
and theoretical mechanistic relationships in COMISA patients
(17). They emphasize on different insomnia entities, stating
that insomnia and its symptoms in COMISA could either be
secondary to OSA or an independent entity. Thus, depending on
its entity, COMISA needs to be treated differently. However, the
differentiation between independent and secondary COMISA is
difficult.

We extended the information of these two studies by
reviewing literature from 2010 to 2017 focusing on the following
aspects:

Our primary research question was to review observational
or interventional studies about the association between PAP-
therapy and CBTI as exposures and insomnia as the outcome in
COMISA patients. A secondary aim was reviewing observational
or interventional studies about insomnia as exposure and
adherence to PAP-therapy as the outcome. A tertiary aim was
reviewing the comparators of PAP-therapy and CBTI on the one
hand and adherence to PAP-therapy on the other, in order to
make recommendations for future research.

METHODS

Literature Search
Eligible studies included populations with OSA and insomnia.
Acceptable definitions of OSA were an apnea-hypopnea-
index (AHI) ≥5 events/hour or a respiratory-distress-index
(RDI) of ≥5 events/hour. Acceptable definitions of insomnia
were an insomnia severity index (ISI) ≥ 14 points, a
Regensburg-Insomnia-Score (RIS) ≥ 14 points or a Nordic sleep
questionnaire ≥ 4 points on one of the insomnia questions.
Eligible studies included interventions of PAP and/or CBTI
starting at study beginning or prior. Pharmacological and
surgical interventions were out of the scope of this review.
Comparators were presence vs. absence or different levels of
OSA or insomnia. Although the focus of this review was the
direct association between OSA and insomnia, outcomes such
as adherence to the intervention were also eligible, as long as
they referred to OSA or insomnia. Outcomes related to other
chronic conditions, such as dementia or multiple sclerosis, were
an exclusion criterion. Eligible study designs were interventional
studies as well as cohort studies, case control studies and case
series.

The Medline terms for the identification of literature were
[(insomnia asv) OR (insomnia pap) OR (insomnia apap) OR
(insomnia cpap) OR (CBTI OSA) OR (cognitive behavioral
therapy OSA insomnia) OR (CBTI sleep apnea insomnia) OR

(cognitive behavioral therapy sleep apnea insomnia)] AND
(“2010/01/01”[PDat]: “2017/10/15”[PDat]). During the selection
process, the first and third author classified the search results
according to a protocol established by the second author. They
performed a title/abstract screening followed by a full text
screening and met after each round to solve disagreement
regarding eligibility and main reason for exclusion in consensus.
The study selection protocol followed the PICOS algorithm
(population, interventions, comparators, outcomes, and study
designs). The language was restricted to English or German
articles. The first and third author screened the selected articles
for further eligible studies.

Extraction and Presentation of Data
Following a PICOS-based protocol, the first and second author
extracted data about methods and results of the original
articles and presented it in two tables. In case of multiple
exposures/interventions and outcomes related to OSA or
insomnia as well as multiple analyses of one association, they
presented the data most related to the primary objective of this
systematic review, which was the direct association between OSA
and insomnia. Second, they favored exposures/interventions
clearly preceding the outcome. Third, they preferred results from
thorough analyses with straightforward association measures
supported by confidence intervals and p-values. Based on
quantitative information, the authors made an effort to provide
their own interpretation of the results rather than blindly
repeating statements from the discussions of the original articles.
They solved disagreements between each other in consensus and
summarized interpretational deviations from the conclusions of
the original articles in the text. They summarized characteristics
of the original samples with standardmeasures. Due to amajority
of observational original studies, they followed the MOOSE
checklist [(19); Supplementary Material] and completed it with
the PRISMA checklist (20), if necessary.

RESULTS

Methodological Issues
Of 130 records identified in Medline, 12 studies were eligible
(Figure 1). Additional handsearch revealed another study eligible
to our research question (21). Of these 13 studies, six addressed
our primary research question (21–26) and the other seven
analyzed the association between insomnia as exposure and
adherence to PAP as outcome (12, 27–32). To define OSA,
seven studies used the AHI with three different cutoffs, three
used the RDI with two cutoffs, one study used both RDI and
AHI, and two relied on the international classification of sleep
disorders. In order to define insomnia, seven studies used the
Insomnia Severity Score (ISS) with three different definitions.
Two studies used the Basic Nordic sleep questionnaire, two relied
on the international classification of sleep disorders and one
study used the RIS. Ten studies had PAP-therapy as the only
intervention, two studies investigated CBTI alone, and one study
examined both therapies. Four studies differentiated between
initial, middle and late insomnia (Table 1). Three of the six
studies that addressed our primary research question and two of
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FIGURE 1 | Literature selection process.

the seven studies that analyzed the association between insomnia
and adherence to PAP used more eligibility criteria than OSA
and insomnia to define their populations. In the former group,
one study included only military veterans with a mini mental
state ≥24 points and without serious physical or mental health
issues (24), one included only patients with psychophysiological
risk factors of insomnia such as poor sleep hygiene (25), and
one excluded other sleep disorders such as narcolepsy (26). In
the latter group, two included only military veterans without
previous OSA-surgery or oxygen supplementation (27, 30). Two
studies included participants from the icelandic sleep study for
different objectives (28, 32). Their data probably overlapped.

Outcomes
Of the six studies addressing our primary research question, four
indeed analyzed the effect of PAP, i.e., OSA-therapy, on insomnia
(22, 23, 25, 26), while two studies analyzed the direct effect
of OSA on insomnia comparing two groups without PAP, and
with equal CBTI for both groups (21, 24) . Of the four studies
analyzing the effect of PAP on insomnia, three measured the
exposure in minutes per night and one used no control. Of the
former three studies, two used a cut-off, namely 240min PAP-use
per night and 171min per night (22, 25), and the third looked
at the exposure continuously (23). The second only reported
results for participants above the cut-off stating that those below
were not statistically significant (26). One defined the outcome
as improvement of the ISI of 9 points (22), one defined it as
follow-up subscale score of <4 of the ISI (23), and one reported
no definition. The last differentiated between initial, middle, and

late insomnia (25). The first found that adherence to OSA therapy
increased the chance of successful insomnia therapy by 1.1 times
(22), the second found that patients with persistent insomnia
have 72min less PAP-use per night (23), and the study omitting
the results for the control found improvements of 0.7 standard
deviations in initial, 0.9 in middle, and 0.6 in late insomnia
(25). The study without control for the exposure found that PAP
and/or CBTI decreased insomnia by 0.55 standard deviations
and the total wake time by 41min on the average (26). The
findings were statistically significant in the second and the third
of these four studies. The studies analyzing the direct effect
of OSA on insomnia were the only interventional studies that
fitted our eligibility criteria. The first one found that insomnia
decreased more in participants randomized to sleep education
than those randomized to CBTI (24). Besides, it found that
the difference between sleep education and CBTI was 21min
higher in participants with mild OSA than in those without.
This interaction was not statistically significant (Table 2) (24).
The second study dealing with CBTI found that CBTI decreases
insomnia by 2 points less and increases sleep efficiency by 1.8%
more in patients with OSA compared to those without (21).
Generally, the robust clinical improvements with CBTI were
comparable between those with insomnia alone and the COMISA
patients.

In the six studies addressing our primary research question,
the proportion of women ranged between 3.0 and 66.9%, the
mean age ranged between 47.5 and 72.2 years, and the AHI/RDI
ranged between 9.4 and 45.0 events per hour. In the seven
studies addressing the effects of insomnia on adherence to PAP,
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the proportion of women ranged between 6.0 and 43.5%, the
mean age ranged between 53.6 and 59.0 years, and the AHI/RDI
ranged between 39.0 and 45.5 events per hour. Three of them
differentiated between initial, middle and late insomnia (27, 28,
32). Four studies compared presence of insomnia according to
criteria summarized above vs. absence of insomnia (12, 27, 28,
32). The other three looked at the exposure as a continuous
predictor (29–31). With respect to the outcome, five of seven
studies measured PAP-adherence in minutes per night (12, 14,
28–30), one defined non-adherers, attempters, and adherers by
cluster analysis (31), and one compared participants quitting the
therapy before 1 year after initiation with those quitting later and
excluded the continuers (32). Of the first five, three looked at
insomnia continuously, where one found that insomnia decreases
the adherence by 24min per night (12), one found that one
standard deviation of insomnia diminishes it by 156min per
night (29), and the last one found that the standard deviation
decreases it by 17min per night (30). Two divided insomnia
into three phenotypes, where one found that initial insomnia
decreases the chances of adherence by 1.05, middle insomnia by
1.23 and that late insomnia increases the chances by 1.07 (27),
and one found that initial and late insomnia almost halves the
chances of adherence, while middle insomnia has no effect (28).
The study that defined adherence by cluster analysis found that
insomnia has no effect on being an attempter and decreases the
chance of being an adherer by 1.1. The last study found that late
and middle insomnia has no influence on being an early-quitter,
while initial insomnia doubles the chances (31) (Table 2).

DISCUSSION

Two of four studies reporting controlled results are too few to
draw well-supported conclusions on the influence of the OSA-
therapy on insomnia (22, 23), and two clinical trials reporting
an interaction between OSA and the effect of insomnia-therapy
on insomnia is little evidence for or against the influence of
OSA itself on insomnia (21, 24). While the first of the two
controlled observational studies found a very small effect of
OSA-therapy on insomnia (OR 1.1, 95%CI: 1.0 to 1.2) (22),
the second found that increasing PAP-use by 72min per night
may favor the improvement of insomnia (p = 0.02) (23). It
remains uncertain, however, how likely this additional PAP-use
might improve insomnia. One of the clinical trials found that
the presence of OSA increases insomnia by 21min per night,
more precisely, it detected the superiority of sleep education
over CBTI that increases so much if the patient has OSA
(24). Reporting this interaction, the direct effect of OSA on
insomnia was omitted. The 21min are neither clinically relevant
nor statistically significant (P = 0.58). Altogether, the small
number of studies plus the inconsistency and incompleteness of
the results provide little evidence about a potential association
between OSA-therapy and insomnia.

With seven controlled observational studies, the effect of
insomnia on PAP-adherence is better investigated than the
effect of OSA-therapy on insomnia. However, four studies with
clinically relevant associations [156min decrease of adherence
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per night, 1.23 lower, and halved chances of being adherent
(27–29, 32)] against three studies with negligible associations
(24 and 17min decrease per night, 1.1 lower chances) (12,
30, 31) favor neither one conclusion nor the other. The
strongest associations (halved chances of being adherent) favor
a decrease of PAP-adherence caused by insomnia. As all studies
distinguishing between initial, middle and late insomnia found
very different associations regarding these three entities, this
distinction seems important (25, 27, 28, 32) . One study found
clinical relevance in middle insomnia only, which decreased
adherence (OR 1.2) (14), one found high clinical relevance in
initial and late insomnia, which decreased adherence (OR 2) (28),
and one found high clinical relevance again for initial insomnia,
which decreased adherence (OR 2) (32). Taken together, the
association with late insomnia seems the strongest. However, the
evidence is again too small for conclusions.

At study level, heterogeneous populations, distinct definitions
and measurements of exposures/interventions, outcomes and
controls, and different analyses might be some reasons for the
heterogeneity of the findings. The thirteen studies used seven
different definitions of OSA and eight different definitions of
insomnia. However, most of these definitions match well, and
most studies used PAP-therapy. The most striking heterogeneity
in terms of populations is that three studies included only
military veterans with a percentage of women ranging between
three and six vs. 12 and 62 in the other studies (24, 30, 31).
Two of these three populations had a similar age distribution
as the other studies, and one was clearly elder (72 years with
a standard deviation of eight) (24). The most probable reason
for that was the fact that this study sampled insomnia patients
and screened them for OSA, while the other studies sampled
OSA-patients and screened them for insomnia. In conclusion,
the populations were heterogeneous but still comparable. The
fact that three studies measuring adherence to PAP-therapy as
exposure and the seven measuring adherence to PAP-therapy
as outcome used seven very different definitions of adherence
to PAP-therapy compromised the comparability more than the
different populations. The remaining three used CBTI and a mix
of CBTI and OSA.

At review level, two main limitations may contribute to
the small number of studies and to the incompleteness of
the results. First, we relied on Medline as the only search
engine; second, we had no contact with the authors when
information was missing or our and their interpretation of the
findings differed. However, our structured approach included
more than 100 working hours per person in a thorough section
of literature and data extraction following the PICOS algorithm.
A publication period ranging from the last original article of
the updated review by Luyster et al. up to 6 months before
identifying the literature reduced the publication bias, because
search engines rapidly process publications that are easy to
find, but need several months to process publications with
lower impact factor. The entire search was double-checked and
two investigators discussed and interpreted all findings together
without merely relying on statements from the discussions of
the original articles. While they did so, they found that the cited
research confirmed the completeness of the identified literature.

A further strength at review level at the expense of the number
of eligible studies was a satisfactory definition of the population
as inclusion criterion. It resulted in the exclusion of studies
confirming insomnia by superficial questions such as “do you
have insomnia.” Overall, the ratio between efforts to improve
quality on the one hand and availability information on the other
was considerable.

The review by Luyster that we updated found two studies with
OSA-therapy as exposure and insomnia as outcome, as well as
one study with insomnia therapy as intervention and adherence
to PAP-therapy as the outcome (13). As it used no defined
publication period as inclusion criterion, the period was probably
longer than ours. Nevertheless, the previous review found fewer
studies fitting our other criteria than we did, which also points
out the comprehensiveness of the literature that we identified.
Of the first two studies, one was a pilot study attaining a non-
clinical level of insomnia in eight of 17 patients with CBTI alone.
After adding OSA-therapy, further seven of the remaining nine
patients attained a non-clinical level (33). In other words, this
before after study, just as two of our four studies, had no control.
The other found that the combination of OSA-surgery and CBTI
was the best option for COMISA (34). This surgical study was out
of the scope of our PAP-review. The third study found regular
PAP-use in 26 of 39 patients assigned to a daytime sleep medical
procedure compared to 14 of 60 historical controls (35). This very
impressive finding corresponds to an OR of six and makes our
ORs of two for the effect of initial and late insomnia on adherence
and for the effect of initial insomnia on non-adherence looking
small. It is surprising, because the treatment of the disease in
the best case annuls 100% of the impact of the disease itself.
It would have been interesting to know how the daytime sleep
medical procedure influenced initial, middle, and late insomnia
itself. In other words, we found thin evidence but the evidence of
the studies we updated was even thinner. An effect of insomnia
on adherence to PAP-therapy is probable, however.

The more recent review by Sweetman et al. found in total
8 studies dealing with either CBTI alone or with combined
treatments in COMISA patients including drug studies, case
studies and studies dating back up to the year 2001 (17). One
study in the review by Sweetman et al matched our well-defined
eligibility criteria, namely the study by Lack et al. presented
at SLEEP in 2011. They found that independently of OSA the
treatment of insomnia decreased the sleep latency by 36min and
increased the total sleep time by 0.7 h and the sleep efficiency by
18% (36).

Given the sparse evidence and the inconsistency of the current
evidence, more research is needed in this topic. Nonetheless, the
general conclusion from the study by Sweetman et al. is that
both groups, namely patients with insomnia only and COMISA,
benefited in their sleep and daytime measures from CBTi about
equally well (21). Thus having co-morbid OSA did not impair the
treatment of the insomnia in the COMISA group.

Several studies investigated whether the presences of
comorbid insomnia impaired PAP-adherence but the
inconsistent results make it difficult to conclude that comorbid
insomnia impairs PAP adherence. To answer this question a
randomized controlled trial should be performed in the future
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with a group of patients treated with PAP alone and another
group treated with a combination of PAP and CBTI, e.g., in the
form suggested by Crawford et al. (37).

There is evidence that insomnia can be treated also in
COMISA patients with CBTI (21). That, in itself may reduce
the disease burden and justify the use of CBTI, even if it does
not improve PAP adherence in the OSA treatment. However,
two studies are few and more studies are needed. Especially
studies pre-treating or concurrently treating the insomnia in
COMISA patients deserve to be thoroughly assessed. Even more,
the findings of our review are inconsistent with those of Luyster
et al., who found one study with a remarkable effect of CBTI in
OSA patients, namely an increased PAP-adherence with CBTI in
OSA with an OR of 6 (35).

As a few studies suggest that OSA-treatment has an impact
on insomnia, an immediate PAP-therapy and reevaluation of
insomnia symptoms in the course of it, might lead to insomnia
improvement or abandonment of CBTI due to subclinical
severity scores.

The revision of studies on PAP-adherence revealed several
attempts to build adherence groups, which is an indicator
of missing thresholds for PAP-adherence evaluation. We
recommend a definition of adherence to PAP-therapy in hours
per night or nights of use per months, since it would increase the
comparability of the results and might ease the decision whether
or not an intervention is reasonable.

The time pattern of insomnia symptoms, namely middle
insomnia with awakenings during the nights, initial insomnia
with difficulties to fall asleep and late insomnia, which is to say
early morning awakenings, seem to be entirely different COMISA
entities that react differently to PAP-therapy and might have
different effects on PAP-therapy-adherence. Such a phenotypic
classification may prove to be quite useful in future studies in
order to provide personalized care in this broad group of patients.

Reviewing the literature, it has been interesting to see, that
pneumologists and sleep physicians put emphasis on apneic
events, whereas neurologists and psychologists focused more
on insomnia criteria. Therefore, we suggest an interdisciplinary
approach in the treatment of COMISA patients in order to reflect
on both entities equally.

Due to the above mentioned inconsistency of study designs
and results the temporary evidence level is not yet sufficient for
a meta-analysis on COMISA therapy. In order to promote
personalized management to COMISA patients and to
perform meta-analyses in the future, it might be advisable
to use study designs that specify both insomnia in the time
domain (initial, middle, late) and that consider CBTI as
well as PAP-therapy regimens in distinct combined patient
phenotypes.

AUTHOR CONTRIBUTIONS

IT reviewed the part of COMISA and CBTI as well as Table 2. RC
is responsible for the study design, provided data extraction from
the original literature, analysis, presentation, and interpretation
of data eligibility criteria and draft the flow chart. HG is
responsible for study conception and design, helped on the
introduction and the discussion. KB reviewed the part of
COMISA and PAP-therapy, created tables, created introduction,
conclusion, and parts of the discussion. All authors approved the
submitted version of the manuscript and take full responsibility
for it.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2018.00804/full#supplementary-material

REFERENCES

1. Smith S, Sullivan K, Hopkins W, Douglas J. Frequency of insomnia report in

patients with obstructive sleep apnoea hypopnea syndrome (OSAHS). Sleep

Med. (2004) 5:449–56. doi: 10.1016/j.sleep.2004.03.005

2. Krell SB, Kapur VK. Insomnia complaints in patients evaluated for obstructive

sleep apnea. Sleep Breath (2005) 9:104–10. doi: 10.1007/s11325-005-0026-x

3. Guilleminault C, Palombini L, Poyares D, Chowdhuri S. Chronic insomnia,

postmenopausal women, and sleep disordered breathing: part 1. Frequency

of sleep disordered breathing in a cohort. J Psychosom Res. (2002) 53:611–5.

doi: 10.1016/S0022-3999(02)00445-2

4. Guilleminault C, Eldridge FL, Dement WC. Insomnia with sleep apnea: a new

syndrome. Science (1973) 181:856–8. doi: 10.1126/science.181.4102.856

5. Krakow B, Melendrez D, Ferreira E, Clark J, Warner TD, Sisley B,

et al. Prevalence of insomnia symptoms in patients with sleep-disordered

breathing. Chest (2001) 120:1923–9. doi: 10.1378/chest.120.6.1923

6. Chung KF. Insomnia subtypes and their relationships to daytime sleepiness

in patients with obstructive sleep apnea. Respiration (2005) 72:460–5.

doi: 10.1159/000087668

7. Lee MH, Lee SA, Lee GH, Ryu HS, Chung S, Chung YS, et al. Gender

differences in the effect of comorbid insomnia symptom on depression,

anxiety, fatigue, and daytime sleepiness in patients with obstructive sleep

apnea. Sleep Breath (2014) 18:111–7. doi: 10.1007/s11325-013-0856-x

8. Noh HJ, Joo EY, Kim ST, Yoon SM, Koo DL, Kim D, et al. The relationship

between hippocampal volume and cognition in patients with chronic

primary insomnia. J Clin Neurol. (2012) 8:130–8. doi: 10.3988/jcn.2012.

8.2.130

9. Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association

between sleep-disordered breathing and hypertension. N Engl J Med. (2000)

342:1378–84. doi: 10.1056/NEJM200005113421901

10. YunCH, Jung KH, ChuK, Kim SH, Ji KH, ParkHK, et al. Increased circulating

endothelial microparticles and carotid atherosclerosis in obstructive sleep

apnea. J Clin Neurol. (2010) 6:89–98. doi: 10.3988/jcn.2010.6.2.89

11. Baldwin CM, Griffith KA, Nieto FJ, O’Connor GT, Walsleben JA, Redline

S. The association of sleep-disordered breathing and sleep symptoms with

quality of life in the Sleep Heart Health Study. Sleep (2001) 24:96–105.

doi: 10.1093/sleep/24.1.96

12. Nguyen XL, Chaskalovic J, Rakotonanahary D, Fleury B. Insomnia

symptoms and CPAP compliance in OSAS patients: A descriptive

study using Data Mining methods. Sleep Med. (2010) 11, 777–784.

doi: 10.1016/j.sleep.2010.04.008

13. Luyster FS, Buysse DJ, Strollo PJ Jr. Comorbid insomnia and obstructive sleep

apnea: challenges for clinical practice and research. J Clin Sleep Med. (2010)

6:196–204.

14. Wickwire EM, Collop NA. Insomnia and sleep-related breathing disorders.

Chest (2010) 137:1449–63. doi: 10.1378/chest.09-1485

Frontiers in Neurology | www.frontiersin.org 10 October 2018 | Volume 9 | Article 804

https://www.frontiersin.org/articles/10.3389/fneur.2018.00804/full#supplementary-material
https://doi.org/10.1016/j.sleep.2004.03.005
https://doi.org/10.1007/s11325-005-0026-x
https://doi.org/10.1016/S0022-3999(02)00445-2
https://doi.org/10.1126/science.181.4102.856
https://doi.org/10.1378/chest.120.6.1923
https://doi.org/10.1159/000087668
https://doi.org/10.1007/s11325-013-0856-x
https://doi.org/10.3988/jcn.2012.8.2.130
https://doi.org/10.1056/NEJM200005113421901
https://doi.org/10.3988/jcn.2010.6.2.89
https://doi.org/10.1093/sleep/24.1.96
https://doi.org/10.1016/j.sleep.2010.04.008
https://doi.org/10.1378/chest.09-1485
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Bahr et al. Comorbid Insomnia and Sleep Apnea

15. Beneto A, Gomez-Siurana E, Rubio-Sanchez P. Comorbidity between

sleep apnea and insomnia. Sleep Med Rev. (2009) 13:287–93.

doi: 10.1016/j.smrv.2008.09.006

16. Al-Jawder SE, BahammamAS. Comorbid insomnia in sleep-related breathing

disorders: an under-recognized association. Sleep Breath (2012) 16:295–304.

doi: 10.1007/s11325-011-0513-1

17. Sweetman AM, Lack LC, Catcheside PG, Antic NA, Chai-Coetzer CL, Smith

SS, et al. Developing a successful treatment for co-morbid insomnia and sleep

apnoea. Sleep Med Rev. (2017) 33:28–38. doi: 10.1016/j.smrv.2016.04.004

18. Lichstein KL, Justin Thomas S, Woosley JA, Geyer JD. Co-occurring

insomnia and obstructive sleep apnea. Sleep Med. (2013) 14:824–9.

doi: 10.1016/j.sleep.2013.02.008

19. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D,

et al. Meta-analysis of observational studies in epidemiology: a proposal for

reporting. Meta-analysis of Observational Studies in Epidemiology (MOOSE)

group. JAMA (2000) 283:2008–12. doi: 10.1001/jama.283.15.2008

20. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA statement. J Clin

Epidemiol. (2009) 62:1006–12. doi: 10.1016/j.jclinepi.2009.06.005

21. Sweetman A, Lack L, Lambert S, Gradisar M, Harris J. Does

comorbid obstructive sleep apnea impair the effectiveness of cognitive

and behavioral therapy for insomnia? Sleep Med. (2017) 39:38–46.

doi: 10.1016/j.sleep.2017.09.003

22. Nguyen XL, Rakotonanahary D, Chaskalovic J, Fleury B. Insomnia related

to sleep apnoea: effect of long-term auto-adjusting positive airway pressure

treatment. Eur Respir J. (2013) 41:593–600. doi: 10.1183/09031936.00080011

23. Glidewell RN, Renn BN, Roby E, OrrWC. Predictors and patterns of insomnia

symptoms in OSA before and after PAP therapy. Sleep Med. (2014) 15:899–

905. doi: 10.1016/j.sleep.2014.05.001

24. Fung CH, Martin JL, Josephson K, Fiorentino L, Dzierzewski JM, Jouldjian

S, et al. Efficacy of cognitive behavioral therapy for insomnia in older adults

with occult sleep-disordered breathing. Psychosom Med. (2016) 78:629–39.

doi: 10.1097/PSY.0000000000000314

25. Krakow B, McIver ND, Ulibarri VA, Nadorff MR. Retrospective,

nonrandomized controlled study on autoadjusting, dual-pressure positive

airway pressure therapy for a consecutive series of complex insomnia disorder

patients. Nat Sci Sleep (2017) 9:81–95. doi: 10.2147/NSS.S120048

26. Ong JC, Crawford MR, Kong A, Park M, Cvengros JA, Crisostomo MI,

et al. Management of obstructive sleep apnea and comorbid insomnia:

a mixed-methods evaluation. Behav Sleep Med. (2017) 15:180–97.

doi: 10.1080/15402002.2015.1087000

27. Wickwire EM, Smith MT, Birnbaum S, Collop NA. Sleep maintenance

insomnia complaints predict poor CPAP adherence: a clinical case series. Sleep

Med. (2010) 11:772–6. doi: 10.1016/j.sleep.2010.03.012

28. Bjornsdottir E, Janson C, Sigurdsson JF, Gehrman P, Perlis M, Juliusson S,

et al. Symptoms of insomnia among patients with obstructive sleep apnea

before and after two years of positive airway pressure treatment. Sleep (2013)

36:1901–9. doi: 10.5665/sleep.3226

29. Pieh C, Bach M, Popp R, Jara C, Cronlein T, Hajak G, et al. Insomnia

symptoms influence CPAP compliance. Sleep Breath (2013) 17:99–104.

doi: 10.1007/s11325-012-0655-9

30. Wallace DM, Shafazand S, Aloia MS, Wohlgemuth WK. The association

of age, insomnia, and self-efficacy with continuous positive airway pressure

adherence in black, white, and Hispanic U.S. Veterans. J Clin Sleep Med.

(2013) 9, 885–895. doi: 10.5664/jcsm.2988

31. Wohlgemuth WK, Chirinos DA, Domingo S, Wallace DM. Attempters,

adherers, and non-adherers: latent profile analysis of CPAP use with

correlates. Sleep Med. (2015) 16:336–42. doi: 10.1016/j.sleep.2014.

08.013

32. Eysteinsdottir B, Gislason T, Pack AI, Benediktsdottir B, Arnardottir ES, Kuna

ST, et al. Insomnia complaints in lean patients with obstructive sleep apnea

negatively affect positive airway pressure treatment adherence. J Sleep Res.

(2017) 26:159–65. doi: 10.1111/jsr.12482

33. Krakow B, Melendrez D, Lee SA, Warner TD, Clark JO, Sklar D. Refractory

insomnia and sleep-disordered breathing: a pilot study. Sleep Breath (2004)

8:15–29. doi: 10.1007/s11325-004-0015-5

34. Guilleminault C, Davis K, Huynh NT. Prospective randomized study of

patients with insomnia and mild sleep disordered breathing. Sleep (2008)

31:1527–33. doi: 10.1093/sleep/31.11.1527

35. Krakow B, Ulibarri V, Melendrez D, Kikta S, Togami L, Haynes P. A daytime,

abbreviated cardio-respiratory sleep study (CPT 95807-52) to acclimate

insomnia patients with sleep disordered breathing to positive airway pressure

(PAP-NAP). J Clin Sleep Med. (2008) 4:212–22.

36. Lack LC, Hunter M, Gradisar M, Harris JK, et al. Is the treatment of insomnia

impaired when osa is also present? Sleep 34:508. Available online at: https://

academic.oup.com/DocumentLibrary/SLEEP/2011abstractsupplement.pdf

37. Crawford MR, Turner AD, Wyatt JK, Fogg LF, Ong JC. Evaluating the

treatment of obstructive sleep apnea comorbid with insomnia disorder

using an incomplete factorial design. Contemp Clin Trials (2016) 47:146–52.

doi: 10.1016/j.cct.2015.12.017

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 Bahr, Cámara, Gouveris and Tuin. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 11 October 2018 | Volume 9 | Article 804

https://doi.org/10.1016/j.smrv.2008.09.006
https://doi.org/10.1007/s11325-011-0513-1
https://doi.org/10.1016/j.smrv.2016.04.004
https://doi.org/10.1016/j.sleep.2013.02.008
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1016/j.sleep.2017.09.003
https://doi.org/10.1183/09031936.00080011
https://doi.org/10.1016/j.sleep.2014.05.001
https://doi.org/10.1097/PSY.0000000000000314
https://doi.org/10.2147/NSS.S120048
https://doi.org/10.1080/15402002.2015.1087000
https://doi.org/10.1016/j.sleep.2010.03.012
https://doi.org/10.5665/sleep.3226
https://doi.org/10.1007/s11325-012-0655-9
https://doi.org/10.5664/jcsm.2988
https://doi.org/10.1016/j.sleep.2014.08.013
https://doi.org/10.1111/jsr.12482
https://doi.org/10.1007/s11325-004-0015-5
https://doi.org/10.1093/sleep/31.11.1527
https://academic.oup.com/DocumentLibrary/SLEEP/2011abstractsupplement.pdf
https://academic.oup.com/DocumentLibrary/SLEEP/2011abstractsupplement.pdf
https://doi.org/10.1016/j.cct.2015.12.017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Current Treatment of Comorbid Insomnia and Obstructive Sleep Apnea With CBTI and PAP-Therapy: A Systematic Review
	Introduction
	Methods
	Literature Search
	Extraction and Presentation of Data

	Results
	Methodological Issues
	Outcomes

	Discussion
	Author Contributions
	Supplementary Material
	References


