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Abstract
Purpose of Review Comorbid insomnia and sleep apnea (COMISA) is prevalent and carries significant morbidity but lacks a
standardized diagnostic and therapeutic approach. Through a critical evaluation of the literature, we propose a novel approach to
COMISA that incorporates the underlying etiology and existence of different phenotypes in this disorder.
Recent Findings A low arousal threshold and/or hyperarousability may underlie the development of COMISA. Pretreatment
symptoms may serve as baseline predictors of response to positive airway pressure therapy in COMISA and differentiate
insomnia secondary to OSA from independent insomnia. Avariety of therapeutic strategies for COMISA have been put forward
with evidence supporting the use of monotherapy or combined therapy in the appropriate clinical setting.
Summary Patients with either OSA or insomnia must be effectively screened for both disorders based on presenting symptoms
and response to therapy. Recognition of the underlying etiology of COMISA and the different COMISA phenotypes can guide
therapy.
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Introduction

The co-occurrence of insomnia and obstructive sleep ap-
nea (OSA) was first described in 1973 by Guilleminault
and colleagues [1]. However, it was not until Krakow et
al. reported in 2001 that approximately 50% of OSA pa-
tients also had insomnia symptoms that research on this
phenomenon began to accelerate [2•]. Despite the realiza-
tion that this comorbidity has major implications for

disease-related outcomes, it remains underrecognized
and currently lacks a standardized diagnostic approach
and treatment algorithm [3, 4]. The absence of an accept-
ed nosology for this disorder, noting in the medical liter-
ature the terminology used includes OSA-insomnia [5],
complex insomnia [6], and comorbid insomnia and OSA
among others, contributes to these variances in research
and clinical practice. The term BCOMISA^ for comorbid
insomnia and sleep apnea appropriately conveys the pres-
ence of both conditions in a memorable and unifying
term. In this paper, we highlight the clinical features of
COMISA and its frequent association with behavioral
medicine disorders. The diagnostic and therapeutic strate-
gies to date and the barriers to appropriate diagnosis and
treatment will be reviewed. Finally, a novel approach to
diagnosing and treating this increasingly recognized dis-
order in sleep medicine will be proposed.

Obstructive Sleep Apnea and Insomnia

OSA is one of the most common sleep disorders and affects 3–
7% of adults [7]. It is characterized by repetitive apneas and
hypopneas caused by upper airway collapse during sleep that
result in oxygen desaturations, arousals, and sleep fragmenta-
tion. The severity of OSA is determined by the number of
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apneas and hypopneas per hour of sleep, or apnea-hypopnea
index (AHI) [8]. Common symptoms of OSA include daytime
sleepiness, snoring, sensations of gasping or choking, and
witnessed breathing interruptions during sleep [9••]. There
are findings that support different presentations of OSA. Ye
et al. described three clusters of OSA patients (disturbed sleep,
minimally symptomatic, and excessive daytime sleepiness)
with the Bdisturbed sleep^ cluster manifesting primarily as
insomnia symptoms [10]. Traditionally, the diagnosis of
OSA is made by an overnight in-lab polysomnogram (PSG);
however, home sleep apnea testing (HSAT) that focuses solely
on diagnosing sleep-disordered breathing (SDB) is increasing-
ly utilized. In patients with OSA and insomnia, the American
Academy of Sleep Medicine recommends PSG as opposed to
HSAT [11]. This distinction is important as patients with pri-
marily OSA symptoms also need to be assessed for insomnia
symptoms to ensure appropriate diagnostic testing.

Symptoms of insomnia include difficulty in initiating and/
or maintaining sleep, associated with significant daytime im-
pairment [8]. Chronic insomnia disorder is defined as symp-
toms at least three times a week for at least 3 months [8].
Insomnia is the most common sleep complaint among adults
[12] and approximately 20–30% of US adults have experi-
enced insomnia symptoms [13, 14]. Prevalence of chronic
insomnia disorder is estimated to be between 6 and 10%
[14, 15]. The diagnosis of insomnia requires a clinical evalu-
ation including a sleep, medical, and psychiatric history.
Objective testing, such as PSG and actigraphy, is not routinely
used in patients with insomnia symptoms, except to rule out
SDB or sleep-related movement disorders [15, 16]. However,
the PSG variables of sleep onset latency (SOL) (≥ 31 min),
wakefulness after sleep onset (WASO) (≥ 31 min), and sleep
efficiency (SE) (< 85%) can indicate underlying insomnia,
even in the setting of mild OSA [17].

Comorbid Insomnia and Obstructive Sleep
Apnea

Insomnia can be comorbid with a number of psychiatric and
sleep disorders, and historically, it was thought to be a conse-
quence of the primary disorder, which has likely contributed
to underdiagnosis of COMISA [18]. However, insomnia can
persist after treatment of the primary disorder and responds to
insomnia-specific therapy [18, 19]. Nomenclature has been
updated to reflect this and insomnia is now considered
Bcomorbid^ in such cases [12].

Prevalence of COMISA

The prevalence is difficult to establish as there is marked var-
iability in rates of COMISA diagnoses between studies,

ranging from 10.7% [20] to 88% [17]. This variability exists
because of different diagnostic methods and populations
assessed. Regarding diagnostic methods, studies have
assessed patients initially diagnosed with OSA for insomnia
or insomnia patients with OSA, whereas more recent studies
have assessed for COMISA at initial presentation. Comorbid
insomnia among patients with OSAwas similar in the primary
care population (34%) and middle-aged women (23–31%)
[21, 22]. A recent study reported that COMISA was present
in 29.2% of patients at a Korean sleep center referred for PSG
[23•]. Studies in specific populations, such as older adults,
military personnel, and sexual assault victims, show large var-
iations in prevalence. For example, given the high rates of
insomnia [24] and sleep apnea [25] in the elderly, it is estimat-
ed as many as 2 million older adults in the USA may have
COMISA [26•]. Further, military personnel and veterans have
higher rates of COMISA (38.2–88%) than general sleep clinic
populations [17, 27, 28]. Krakow et al. estimated the rate of
OSA in female sexual assault victims to be 52% [29]. In pop-
ulations with prior traumatic experiences, there are higher
rates of psychiatric disorders including anxiety, depression,
and post-traumatic stress disorder (PTSD). These psychiatric
disorders are associated with both insomnia [30–33] and OSA
[34, 35], providing a basis that specific patient populations are
at higher risk of developing COMISA.

Underlying Etiology of COMISA

The relationship between OSA and insomnia is complex,
as both are typically viewed as distinct sleep disorders.
However, studies suggest that these two disorders may
be interrelated, as opposed to independent. The OSA
and insomnia relationship is described as bidirectional
and causal, with OSA contributing to the development
of insomnia (primarily maintenance insomnia) and insom-
nia exacerbating OSA [9••]. Repeated awakenings from
SDB can condition a patient to develop insomnia. The
converse is not viewed the same, as insomnia is not typ-
ically considered a contributor to SDB. However, there is
an evolving line of scientific evidence that individuals
with a low arousal threshold (LAT) and/or elevated loop
gain are predisposed to developing SDB [36•]. The LAT
is an important non-anatomical factor which can contrib-
ute to the pathogenesis of OSA in as many as one third of
OSA patients [37–39]. Specifically, frequent transitions
from sleep to wake (as can occur with initiation insomnia
and associated cortical arousals) can result in ventilatory
overshoot while awake. As the LAT patient transitions
back to sleep, either a frank central apnea or central
hypopnea ensues, resulting in increasing the CO2 level
to the sleep ventilatory threshold; this can become repet-
itive, particularly in those with high loop gain [40].
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Cortical arousals, which can be induced from multiple
stimuli, are initially protective of maintaining airway pa-
tency when there is airway closure [41]. Conversely, re-
peated arousals, whether respiratory or non-respiratory in
nature, can result in the aforementioned pattern of breath-
ing instability. This provides a basis that not only can
OSA cause maintenance insomnia, but insomnia, through
increased arousability [42, 43], may result in the develop-
ment or exacerbation of OSA.

Clinical Impact of COMISA

Patients with COMISA report greater sleep disturbances
than patients with either disorder alone [44]. They also
have worse health-related quality of life (QOL), sleep-
related functional outcomes, and mental health outcomes
[5, 45–48]. Interestingly, there is evidence that the nega-
tive effects of COMISA on fatigue and QOL may impact
males more than females [49]. Not surprisingly, objective
sleep is degraded in patients with COMISA compared to
insomnia or OSA alone. For example, veterans with
COMISA have more indicators of poor sleep including
reduced total sleep time (TST) and longer SOL, despite
a lower AHI, compared to veterans with OSA alone [4].
Poor objective sleep has been reported in military person-
nel with COMISA who had lower SE, increased SOL,
decreased TST, and increased WASO compared to pa-
tients with insomnia or OSA alone [17, 27]. Along those
lines, Li et al. compared PSG variables of patients with
insomnia alone to patients with COMISA. They demon-
strated that patients with COMISA had worse objective
sleep quality with increased N1 sleep, decreased N3 sleep,
and increased arousal indices [50]. These findings are
consistent with those observed by and Krakow et al. and
Smith et al. comparing patients with COMISA and those
with OSA alone [2•, 5]. Lee et al. found significantly
decreased TST, SE, and SOL in males but not in females
with COMISA compared to OSA alone [49]. Further, Cho
et al. found that COMISA patients had increased SOL,
decreased TST, increased WASO, and decreased SE com-
pared to patients with OSA alone despite no difference in
AHI between these groups [23•]. These objective
sleep derangements may contribute to the overall mor-
bidity of COMISA but this relationship warrants further
investigation [23•].

Despite what little is known regarding the etiological
relationship between insomnia and OSA, the co-
occurrence of these sleep disorders challenges traditional
treatment approaches [51]. Growing evidence indicates
that insomnia is a risk factor for poor positive airway
pressure (PAP) therapy adherence [1]. Insomnia symp-
toms, both at presentation and at follow-up, in OSA

patients predict worse PAP usage [52•, 53]. Wallace et
al. compared sleep characteristics and PAP adherence in
veterans diagnosed with COMISA to those with OSA
alone [53]. Patients with early and late insomnia symp-
toms had worse PAP adherence at 6 months compared to
veterans without insomnia symptoms. Another prospec-
tive study assessing 73 patients with OSA receiving PAP
therapy found patients who were less complaint with
treatment (< 4 h/night) reported greater insomnia symp-
toms [54]. Lam et al. assessed insomnia in a PAP alterna-
tives clinic with the insomnia severity index (ISI). In this
cohort of 172 OSA patients who were intolerant of either
PAP or oral appliance treatment, 56.8% were found to
have clinically significant insomnia [55]. Thus, there are
a number of studies which associate COMISA with de-
creased PAP adherence compared to OSA alone. What is
unknown is how much insomnia impacts PAP adherence
or whether intolerance of PAP is a potential marker of a
distinct COMISA phenotype [9••].

Treatment of OSA also appears to impact insomnia symp-
toms in patients with COMISA. In a study of 705 adults with
OSA, Bjornsdottir et al. examined changes in insomnia symp-
toms before and after PAP treatment [52•]. While symptoms
of middle (maintenance) insomnia decreased after 2 years of
PAP treatment, initial and late insomnia persisted and were
associated with poor PAP adherence. This study provides fur-
ther support that different phenotypes of COMISA may exist
depending on symptomatology. In this case, frequent middle
of the night awakenings was predictive of PAP adherence.
OSA with associated early and late insomnia may represent
a different COMISA phenotype altogether, one that would
benefit from addressing insomnia concomitantly or prior to
initiation of PAP [56]. These findings reinforce the need for
additional studies to determine whether treatment of insomnia
(either with cognitive behavioral therapy for insomnia [CBT-
I] or pharmacotherapy) would lead to improved PAP usage
and overall improved outcomes in COMISA.

COMISA and Associated Psychiatric Disorders

A number of studies have compared the behavioral medicine
disorders associated with COMISA in relation to having
either OSA or insomnia alone [5, 23•, 27, 45, 49, 57–60].
In these studies, COMISA was nearly always associated
with worse overall sleep quality, mood, and depressive
symptoms and higher rates of behavioral medicine comor-
bidities. Although specific behavioral health diagnoses were
not reported, Krakow et al. found that patients with
COMISA reported more cognitive-emotional symptoms
(i.e., depression and anxiety), more psychiatric disorders,
and more mental symptoms than patient with OSA alone
[2•]. Similarly, Krell and Kapur reported that patients with
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COMISA were more likely to report a psychiatric diagnosis
[58]. Several studies have compared the rate and/or severity
of specific behavioral health diagnoses in patients with
COMISA compared to insomnia or OSA alone (Table 1).
In a study conducted in military personnel, Mysliwiec et al.
found those with COMISA were significantly more likely to
have depression, PTSD, and > 2 behavioral medicine disor-
ders than patients with either insomnia or OSA alone [27].
In another study, they found increased rates of depression
and anxiety in military personnel with COMISA compared
to those with mild OSA alone [17]. Smith et al. assessed the
clinical impact of COMISA versus OSA alone and found
that patients with COMISA had worse anxiety, depression,
stress, and mood disturbance symptoms [5]. Similarly, in a
large population-based sample of US adults, Hayley et al.
found an increased likelihood of reporting depression in
COMISA patients than patients who did not report sleep
disorders. After adjusting for confounding variables,
COMISA patients were also more likely to report depression
than patients with insomnia or OSA alone [45]. In a study in
veterans, El-Solh et al. evaluated the response to PAP of 36
patients with COMISA and PTSD compared to 36 patients
with OSA and PTSD. The veterans with COMISA were
more likely to have depression, increased PTSD symptoms,
and decreased sleep quality and daytime functioning com-
pared to veterans with OSA alone. Notably, the COMISA
patients also demonstrated significantly lower PAP adher-
ence [57]. Yang et al. assessed and compared the psycho-
logical and behavioral outcomes in 88 male patients with
OSA only, insomnia only, and COMISA using PSG and
questionnaires. In patients in the COMISA and insomnia-
only groups, higher levels of presleep arousal, anxiety, and
depression were reported than in patients in the OSA-only
group [60]. In a study characterizing the clinical profile of
Australian men previously undiagnosed with OSA, greater
prevalence and severity of depressive symptoms were re-
ported in patients with COMISA, compared to those with
OSA or insomnia symptoms alone [59]. These patients also
reported increased daytime dysfunction and reduced sleep
quality, as well as low subscale scores on functional health
and well-being health-related QOL outcomes on the 36-item
short form (SF-36) survey. In a study by Lee et al. compar-
ing gender differences in patients with OSA, the presence of
insomnia symptoms had negative effects on depression and
anxiety in males. Interestingly, this result was not found in
females and was negated in males when gender-by-insomnia
interaction was taken into consideration [49]. Finally, Cho et
al. found a higher rate of depressive mood in a cohort of
Korean patients with COMISA compared to OSA alone.
Worse sleep quality may contribute to mood disturbance as
COMISA patients had objectively worse sleep than patients
with OSA alone, noting there was no significant difference
in AHI between groups [23•].

Diagnostic Challenges of COMISA

There are currently three major approaches to diagnosing
COMISA:

1. Consider a diagnosis of COMISA in OSA patients on
PAP with continued symptoms of initiation and terminal
(early morning) insomnia. Maintenance insomnia tends to
improve with PAP treatment, suggesting that it is a con-
sequence of OSA [52•]. However, initiation and terminal
insomnia do not necessarily improve with PAP, suggest-
ing that patients with these subtypes of insomnia should
be further evaluated for COMISA [52•].

2. Evaluate patients with insomnia for OSAwhen they have
OSA risk factors or are refractory to treatment with either
CBT-I or pharmacotherapy. The risk factors for OSA in
insomnia patients include male sex (especially in insom-
nia patients < 55 years old), post-menopausal women,
snoring, and elevated BMIs [50]. In insomnia patients,
higher AHI is associated with worse sleep quality and
reduction in perceived sleep; thus, it is reasonable to eval-
uate patients who are refractory to insomnia treatment for
OSA [50].

3. A less often used method involves using the PSG to diag-
nose OSA and simultaneously using the ISI to diagnose
insomnia before treatment is started [53, 61]. Because the
last four questions of the ISI ask about symptoms that
could be shared by OSA and insomnia, these studies sug-
gest using just the first three questions (nocturnal symp-
toms) for diagnosis of insomnia. These questions have
been shown to be a reliable measure of insomnia severity
[62, 63]. However, it is not established what numerical
cutoff should be applied for the first three questions, as
scores of both 4 and 6 were utilized [50, 59].

To date, these diagnostic approaches have not been ade-
quate as a majority of COMISA patients go undiagnosed for
a variety of reasons, including a lack of a standardized ap-
proach [4]. Diagnosis of COMISA is complicated by a fact
that the two disorders share many of the same symptoms.
Fatigue, frequent awakenings, non-restorative sleep, and dif-
ficulty in maintaining sleep are just a few. Further, complicat-
ing a COMISA diagnosis is a fact that once patients are diag-
nosed with either insomnia or OSA, evaluation for the other
diagnosis may not be pursued. In OSA patients who are non-
adherent to PAP, assessment for insomnia is not routine or
recommended and over half of these patients may have clin-
ically significant insomnia [55]. In patients with insomnia,
OSA may be present but is often overlooked. For instance,
Fung et al. performed HSAT on 435 veterans with insomnia
and found that almost half (46.7%) had an AHI of ≥ 15/h [64].
Additionally, in a large clinical population of 1035 treatment-
seeking insomnia patients, 42% reported a sleep-related

258 Curr Sleep Medicine Rep (2018) 4:255–267



Ta
bl
e
1

B
eh
av
io
ra
lh

ea
lth

co
rr
el
at
es

an
d/
or

se
ve
ri
ty

in
C
O
M
IS
A
ve
rs
us

in
so
m
ni
a
an
d
ob
st
ru
ct
iv
e
sl
ee
p
ap
ne
a

A
rt
ic
le

Pa
tie
nt

po
pu
la
tio

n
S
le
ep

di
ag
no
si
s
(N
)

A
H
I

A
nx
ie
ty

D
ep
re
ss
io
n

PT
SD

B
eh
av
io
ra
lh

ea
lth

m
ea
su
re

(s
)
us
ed

Sm
ith

et
al
.2
00
4
[5
]

A
us
tr
al
ia
n
pa
tie
nt
s

w
ith

sl
ee
p
di
st
ur
ba
nc
es

C
O
M
IS
A
(4
1)

N
/A

↑
vs

O
S
A

↑
vs

O
SA

N
/A

•D
A
S
S-
21

O
SA

(6
4)

N
/A

–
–

N
/A

Y
an
g
et
al
.2
01
1
[6
0]

U
S
m
al
e
pa
tie
nt
s

w
ith

sl
ee
p
di
st
ur
ba
nc
es

C
O
M
IS
A
(2
6)

N
/A

↑
vs

O
S
A

↑
vs

O
SA

N
/A

•B
A
I

•B
D
I-
II

In
so
m
ni
a
(2
9)

N
/A

↑
vs

O
S
A

↑
vs

O
SA

N
/A

O
SA

(3
3)

N
/A

–
–

N
/A

M
ys
liw

ie
c
et
al
.2
01
3
[2
7]

U
.S
.m

ili
ta
ry

pe
rs
on
ne
l

w
ith

sl
ee
p
di
st
ur
ba
nc
es

C
O
M
IS
A
(4
2)

14
.7
±
1.
1

N
/A

↑
vs

in
so
m
ni
a,
O
SA

↑
vs

in
so
m
ni
a,
O
S
A

•Q
ID

S
•P
C
L
-M

In
so
m
ni
a
(2
8)

2.
0
±
1.
4

N
/A

↑
vs

O
SA

↑
vs

O
S
A

O
SA

(2
7)

28
.7
±
24
.5

N
/A

–
–

L
ee

et
al
.2
01
4
[4
9]

K
or
ea
n
m
en

an
d
w
om

en
w
ith

O
SA

C
O
M
IS
A
(2
33
)

N
/A

↑
vs

O
S
A
(m

al
es
)a

↑
vs

O
SA

(m
al
es
)a

N
/A

•B
D
I

•S
TA

I
O
SA

(4
22
)

N
/A

–
–

N
/A

M
ys
liw

ie
c
et
al
.2
01
4
[1
7]

U
S
m
ili
ta
ry

pe
rs
on
ne
l

w
ith

m
ild

O
SA

C
O
M
IS
A
(1
67
)

9.
05

±
2.
7

↑
vs

O
S
A

↑
vs

O
SA

N
/A

•E
M
R
re
vi
ew

fo
r
di
ag
no
si
s

O
SA

(2
8)

8.
4
±
2.
9

–
–

N
/A

H
ay
le
y
et
al
.2
01
5
[4
5]

Po
pu
la
tio

n-
ba
se
d
sa
m
pl
e

of
U
S
ad
ul
ts

C
O
M
IS
A
(1
36
3)

N
/A

N
/A

↑
vs

in
so
m
ni
a,
O
SA

N
/A

•P
H
Q
-9

In
so
m
ni
a
(8
35
)

N
/A

N
/A

↑
vs

O
SA

N
/A

O
SA

(6
64
)

N
/A

N
/A

–
N
/A

L
an
g
et
al
.2
01
7
[5
9]

A
us
tr
al
ia
n
m
al
e
pa
tie
nt
s

w
ith

pr
ev
io
us
ly

un
di
ag
no
se
d
C
O
M
IS
A

C
O
M
IS
A
(4
7)

A
H
I≥

10
,1
2.
7%

N
/A

↑
vs

in
so
m
ni
a,
O
SA

,n
ei
th
er

N
/A

•C
E
S
-D

•B
D
I-
1A

•P
H
Q
-9

In
so
m
ni
a
(3
7)

A
H
I≥

10
,0
.0
%

N
/A

↑
vs

O
SA

,n
ei
th
er

N
/A

O
SA

(3
23
)

A
H
I≥

10
,8
7.
3%

N
/A

↑
vs

ne
ith

er
N
/A

N
ei
th
er

(2
93
)

A
H
I≥

10
,0
.0
%

N
/A

–
N
/A

E
l-
So

lh
et
al
.2
01
8
[5
7]

U
.S
.m

ili
ta
ry

ve
te
ra
ns

w
ith

P
T
S
D
an
d
sl
ee
p

di
st
ur
ba
nc
es

C
O
M
IS
A
(3
6)

29
.8
±
18
.3

N
/A

↑
vs

O
SA

↑
se
ve
ri
ty

vs
O
SA

•C
lin

ic
al
di
ag
no
si
s

fo
r
de
pr
es
si
on

an
d
P
T
S
D

•P
C
L
-M

O
SA

(3
6)

40
.7
±
19
.2

N
/A

N
/A

–

C
ho

et
al
.2
01
8
[2
3•
]

K
or
ea
n
pa
tie
nt
s
w
ith

sl
ee
p

di
st
ur
ba
nc
es

C
O
M
IS
A
(1
39
)

33
.2
±
25
.1

N
/A

↑
vs

O
SA

N
/A

•B
D
I-
II
-K

O
SA

(3
37
)

33
.9
±
24
.6

N
/A

–
N
/A

A
H
I,
ap
ne
a-
hy
po
pn
ea

in
de
x;

B
A
I,
B
ec
k
A
nx
ie
ty

In
ve
nt
or
y;

B
D
I-
1A

,B
ec
k
D
ep
re
ss
io
n
In
ve
nt
or
y
1-
A
;B

D
I-
II
,B

ec
k
D
ep
re
ss
io
n
In
ve
nt
or
y
S
ec
on
d
E
di
tio

n;
B
D
I-
II
-K
,B

ec
k
D
ep
re
ss
io
n
In
ve
nt
or
y
Se
co
nd

E
di
tio

n-
K
or
ea
n;

C
E
S-
D
,
C
en
te
r
fo
r
E
pi
de
m
io
lo
gi
ca
l
S
tu
di
es

D
ep
re
ss
io
n
S
ca
le

qu
es
tio

nn
ai
re
;
C
O
M
IS
A
,
co
m
or
bi
d
in
so
m
ni
a
an
d
ob
st
ru
ct
iv
e
sl
ee
p
ap
ne
a,

O
SA

,
ob
st
ru
ct
iv
e
sl
ee
p
ap
ne
a;

D
A
SS
-2
1,

D
ep
re
ss
io
n
A
nx
ie
ty

S
tr
es
s
Sc
al
es
-2
1
ite
m
;
E
M
R
,
el
ec
tr
on
ic
m
ed
ic
al
re
co
rd
;
P
C
L-
M
,
P
os
t-
T
ra
um

at
ic
St
re
ss

D
is
or
de
r
C
he
ck
lis
t-
M
ili
ta
ry
;
P
H
Q
-9
,
P
at
ie
nt

H
ea
lth

Q
ue
st
io
nn
ai
re
-9
;
P
TS

D
,
po
st
-t
ra
um

at
ic

st
re
ss

di
so
rd
er
;Q

ID
S,
Q
ui
ck

In
ve
nt
or
y
of

D
ep
re
ss
iv
e
S
ym

pt
om

at
ol
og
y;

ST
A
I,
S
ta
te
-T
ra
it
A
nx
ie
ty

In
ve
nt
or
y

a
Fi
nd
in
g
w
as

no
tp

re
se
nt

in
fe
m
al
es

an
d
ne
ga
te
d
in

m
al
es

w
he
n
ge
nd
er
-b
y-
in
so
m
ni
a
in
te
ra
ct
io
n
w
as

ta
ke
n
in
to

co
ns
id
er
at
io
n

Curr Sleep Medicine Rep (2018) 4:255–267 259



breathing disorder as another reason for their evaluation [65].
Along those lines, Krakow et al. reported that in 20 Bclassic^
insomnia patients who underwent in-lab attended PSGs, 90%
of the awakenings were the result of SDB [66]. While limited
by size, this study provides some evidence to suggest that the
nocturnal symptoms reported by patients may not help cate-
gorize their disorder. Unfortunately, many times the symp-
toms a patient perceives, as opposed to objective findings,
drive the evaluation and ultimately diagnosis.

Another barrier to diagnosing COMISA is that, unlike
many disorders, there is no classic presentation. A patient’s
symptomatology and disease course can be quite variable
[9••]. We propose that COMISA patients manifest as one of
three phenotypes and recognition of these variable presenta-
tions will aid in diagnosis and treatment. The first phenotype
encompasses patients with mild OSA (AHI < 15/h) and in-
somnia. These patients may also have an accompanying dis-
order of hyperarousal, such as PTSD or anxiety, though not
necessarily. The insomnia complaints in this population, often
early and/or late insomnia, will typically predominate and be
refractory to PAP therapy [52•]. These patients may be youn-
ger and thinner than the other COMISA phenotypes, and the
OSA in this group is often caused by LATwith or without high
loop gain [41, 67] and/or hyperarousal [5, 43, 68–71]. The
second phenotype represents patients with moderate to severe
OSA (AHI > 15/h), maintenance insomnia complaints, and
few other comorbidities. These patients, typically with higher
AHIs, often present with complaints consistent with SDB as
well as frequent nocturnal awakenings; they typically respond
well to PAP and have improved maintenance insomnia [52•,
61]. For this second phenotype, it is reasonable to deduce that
the insomnia originated secondary to the SDB [3, 72, 73].
Finally, the third phenotype encompasses patients with mod-
erate to severe OSAwith insomnia who do not respond to PAP
or are non-adherent. In this group, the insomnia does not im-
prove with PAP usage and it is reasonable to conclude that
insomnia is independent of the SDB [26•]. These patients can
be challenging to identify and they may present with com-
plaints of SDB, insomnia, or both [26•]. Classifying patients
into phenotypes or clusters by their symptomatology, which
has been performed in insomnia, may guide tailored therapy
and enhance patient care [74].

COMISA Therapy

The ideal treatment regimen for COMISA remains theoretical
due to a lack of randomized controlled trials. Despite this,
there is consensus that COMISA is more difficult to treat than
either OSA or insomnia alone [75••]. Therapy may be guided,
to a large extent, by which disease is diagnosed first and
whether or not the insomnia is felt to be independent of the
SDB or interrelated to it. Making this determination from

symptoms prior to therapy can be difficult [76]. For this rea-
son, research on treatment of COMISA has generally focused
on treating insomnia and sleep apnea independently or in a
stepwise fashion rather than simultaneously. Prior studies on
the treatment of COMISA have been reviewed in detail else-
where [75••]. Below is a summary of the currently proposed
therapeutic strategies and a discussion of the challenges to
effective implementation.

Positive Airway Pressure Therapy in COMISA

PAP remains the first-line recommendation and most
widely used treatment for OSA [72]. Acceptance and us-
age of PAP is variable with estimates of non-adherence to
use of at least 4 h per night ranging from 29 to 83% [77].
The presence of insomnia can worsen PAP adherence [28,
51, 52•, 54, 78] and COMISA patients likely require more
time and effort to tolerate PAP compared to patients with
OSA alone [2•, 79]. In theory, the addition of a mask may
lead to physical discomfort and worsen a patient’s insom-
nia [80]. Despite this, several studies have demonstrated
improvement in both insomnia and OSA symptoms in
COMISA patients using PAP therapy alone [52•, 56, 61,
79, 81–83]. Importantly, a one-size-fits-all approach may
not be appropriate. Krakow et al. reported that advanced
modes of non-invasive ventilation, including adaptive ser-
vo-ventilation, may prove beneficial in patients intolerant
of PAP [79, 83]. It may also be important to find baseline
characteristics of COMISA patients that predict insomnia
that responds to PAP therapy including frequent nocturnal
awakenings [52•] and higher AHI [61]. Such characteris-
tics are potential indicators that insomnia may be second-
ary to OSA and thus more likely to respond to PAP ther-
apy. Further research is needed to determine additional
features of COMISA patients that predict responsiveness
of insomnia symptoms to PAP or aid in tailoring therapy.

Insomnia Therapy in COMISA

The mainstays of insomnia treatment remain CBT-I and
sedative medications [16]. CBT-I is an effective therapy
for insomnia with behavioral components including stim-
ulus control and sleep restriction that target the maladap-
tive processes underlying insomnia [15, 84, 85]. As a
non-pharmacologic approach without side effects, when
available, it is recommended as first-line therapy for in-
somnia over the use of hypnotic medications [16, 86].
Although earlier research on the use of CBT-I in
COMISA patients demonstrated conflicting results
[87–89], more recent studies support its effectiveness in
treating this patient population [90•, 91•]. In a randomized
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controlled trial, Fung et al. found that CBT-I improved
SOL and sleep quality in veterans with insomnia with
and without untreated mild OSA [91•]. Whether or not
insomnia is secondary to OSA may influence the efficacy
of CBT-I in COMISA patients [92]. Arousals from SDB
causing fragmented sleep may contribute to wakefulness
and sleep-state misperception that would seem unlikely to
respond to CBT-I alone [52•, 66, 93]. However, in a ret-
rospective review of 455 patients with insomnia,
Sweetman et al. found that CBT-I significantly improved
insomnia symptoms and daytime functioning at 3 months
with no difference in improvement between patients with
or without comorbid sleep apnea, regardless of OSA se-
verity [90•]. This finding suggests that few patients in the
cohort were suffering from insomnia exclusively second-
ary to OSA and that CBT-I can improve insomnia in
COMISA patients prior to PAP [94]. Interestingly, sleep
restriction did not increase sleepiness post-treatment in
the COMISA patients. An important limitation of the
study was that the patients studied sought therapy for
insomnia rather than OSA. The presenting complaint and
COMISA phenotype may very well influence treatment
response [93, 95].

Studies on the use of hypnotic therapy alone to treat
COMISA are limited, with one case study reporting no symp-
tomatic improvement [93]. In patients with insomnia, hyp-
notics have been shown to improve sleep outcomes such as
TST and SOL and may be useful when CBT-I alone is inef-
fective [96]. In patients with OSA, hypnotics appear to be safe
for those patients initiating PAP and may improve PAP adher-
ence in those reporting difficulty initiating and maintaining
sleep [9••]. Several classes of hypnotics exist, each with var-
iable therapeutic impact on insomnia and OSA symptoms.
Benzodiazepines increase sleep duration [97, 98] but may
worsen sleep apnea by reducing upper airway muscle tone
and decreasing ventilatory response to hypoxia [99–101],
though the effect is likely modest and may be insignificant
[102]. However, the myriad of side effects caused by benzo-
diazepines, particularly in the elderly population, limits their
widespread applicability in the COMISA population [16,
103]. The popular GABAergic non-benzodiazepine agents,
including zolpidem and eszopiclone, have less impact on res-
piration and appear to facilitate PAP adherence [104, 105].
There is evidence that non-benzodiazepine agents may in-
crease the arousal threshold and improve AHI in patients with
LAT [38], though not all studies have supported this finding
[106]. The antidepressant trazodone also increases the arousal
threshold in patients with OSA and LAT [37] and has been
shown to lower their AHI [107]. Based on these findings,
some groups advocate for the use of these medications to treat
OSA as part of a non-PAP therapeutic strategy [38, 108].
Presumably, patients with comorbid insomnia would benefit
from the soporific effects of these medications.

Combined Insomnia and OSA Treatment
in COMISA

Although therapy focusing on either insomnia or OSA in
COMISA is frequently recommended [9••, 76, 109], several
studies have examined combined or stepwise treatment ap-
proaches [26•, 56, 87, 89, 110, 111]. The majority of these
studies utilized CBT-I in combination with OSA treatment in a
small cohort [56, 87, 89] or case study [111] and found that
combined treatment improved patient symptomatology more
than individual therapy for insomnia or OSA. This was true
whether treatment was performed in sequence [56, 87, 89,
110] or while simultaneously adapting to PAP [111]. One
study featured a multidisciplinary approach beginning with
PAP or CBT-I depending on presenting symptomatology
and cross-referring to the alternate treatment if there were
residual symptoms. Patients showed improvement on several
self-reported sleep parameters and measures of daytime func-
tion and were satisfied with their therapy [110]. In another
study, Gooneratne et al. analyzed the effect of the melatonin
agonist ramelteon in patients with SDB and insomnia symp-
toms. In an older population starting PAP therapy, they found
objective decreases in SOLwith use of ramelteon compared to
placebo [26•]. There were no significant differences in AHI or
PAP adherence. For patients with severe disease or medical or
psychiatric comorbidities, it is reasonable to consider a com-
bined treatment approach to ensure therapy for either disorder
is not delayed. This must be done with the knowledge that
treatment of one disorder (insomnia or OSA) may negatively
impact therapy for the other disorder [80].

There may be a role for non-PAP-based OSA therapies in
COMISA patients. Guilleminault et al. treated patients with
COMISA in a randomized crossover study with surgery for
OSA followed by CBT-I or CBT-I preceding surgery.
Participants in both groups experienced clinical improvement.
However, the group that initially had surgery fared slightly
better as some patients had resolution of their sleep distur-
bances with surgical treatment alone and declined CBT-I
[87]. Oral appliance therapy is an established treatment for
OSA and may also be considered in COMISA patients [112,
113]. In one study, the presence of insomnia symptoms limited
the efficacy of oral appliance therapy [114]. Newer therapies
for OSA, including hypoglossal nerve stimulation, can also be
used in COMISA patients with or without CBT-I, though ev-
idence is lacking in this population. Given the limited studies
of non-PAP-based OSA therapies in COMISA, further studies
are required to better address the many COMISA patients who
are PAP intolerant.

The literature to date is not robust enough to make a defin-
itive recommendation about combined therapy for COMISA.
It is also not known whether combined therapy, if utilized,
should be started concomitantly or in sequence. Several ongo-
ing trials exploring combined approaches versus monotherapy
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for COMISA may answer these questions and help standard-
ize future treatment [115–118].

Developing an Effective Diagnostic
and Therapeutic Approach to COMISA

Recognition that different phenotypes of COMISA exist is
important but not enough to effectively diagnose this disorder.
A standardized diagnostic approach is needed. Our recom-
mendedmultidisciplinary diagnostic and therapeutic approach
emphasizes earlier diagnosis and treatment by integrating
PSG findings, questionnaires, and clinical interviews.
Patients with insomnia symptoms at presentation and no risk
factors for OSA can begin treatment for insomnia. Insomnia
patients who are refractory to treatment (CBT-I and/or phar-
macotherapy) should be given an in-lab PSG to screen for
OSA, noting that an HSAT would not be adequate in this
population lacking a high pretest probability for OSA.
COMISA is diagnosed in those insomnia patients with an
AHI > 5/h. Patients with a high pretest probability of OSA
and no insomnia symptoms or comorbidities can undergo
HSAT. Patients with symptoms of OSA who have comorbid
medical and behavioral medicine disorders should receive an
in-lab PSG. The in-lab PSG variables can be especially helpful
in diagnosing insomnia in patients who may be at higher risk
for COMISA [17, 23•, 27, 50]. We recommend all OSA pa-
tients be screened for insomnia with an ISI. Based on previous

research, we propose a threshold of 15 on the ISI score with at
least 6 of those points coming from the first 3 (nocturnal)
questions [53, 63]. COMISA is diagnosed in OSA patients
when they meet the ISI threshold. Additionally, evaluating
patients for comorbid disorders of hyperarousal is an impor-
tant part of the evaluation and will help guide treatment.
Patients may then be divided into one of three phenotypes as
discussed above.

Therapy for COMISA should be driven by the specific
patient phenotype (Fig. 1). For all COMISA patients, a
healthy lifestyle and, if appropriate, weight loss are encour-
aged [119]. Additionally, in patients with the first phenotype
(mild OSA and insomnia), CBT-I can be considered as mono-
therapy. In these patients, insomnia is presumed to be the
driving force behind the patient’s symptomatology and is not
the result of OSA manifestations, which would be unlikely to
respond to CBT-I [92]. CBT-I is effective therapy for insomnia
and may eliminate the indication for PAP in almost half of
patients with mild SDB [91•]. While PAP therapy can be in-
troduced concomitantly, it may serve to exacerbate the insom-
nia [80] and is often viewed as embarrassing, burdensome,
and expensive [120]. Moreover, CBT-I techniques such as
sleep restriction do not appear to worsen sleepiness in
COMISA patients [90•]. If CBT-I does not ameliorate the
patient’s symptoms, conventional PAP therapy, an oral appli-
ance, or even pharmacotherapy (non-benzodiazepine receptor
agonists) can be considered, particularly if LAT is present [37,
38, 108]. Although OSA is a risk factor for increased

OSA with AHI ≤ 15; ISI ≥ 15 a OSA with AHI ≥ 15; ISI ≥ 15 a Any COMISA phenotype
(COMISA phenotype 1) (COMISA phenotype 2 or 3) + disorder of hyperarousal b

CBT-I PAP CBT-I + OSA therapy c

Significant clinical Inadequate clinical Significant clinical Inadequate clinical Significant clinical Inadequate clinical
improvement response improvement response improvement response

(COMISA phenotype 2) (COMISA phenotype 3)

Add OSA therapy c Add CBT-I and/or Add hypnotic and/or
and/or hypnotic hypnotic and/or in-lab titration d

in-lab titration d

Fig. 1 Proposed treatment algorithm for COMISA based on phenotype.
aFor insomnia in COMISA, we propose a threshold of 15 on the ISI score
with at least 6 of those points coming from the first 3 (nocturnal)
questions. bDisorders of hyperarousal include anxiety and PTSD. cOSA
therapy may include PAP, oral appliance, or surgical techniques. dIn-lab
titration performed to optimize PAP settings, try advanced modes of non-

invasive ventilation, and determine if other underlying disorders exist.
AHI apnea-hypopnea index, CBT-I cognitive behavioral therapy for
insomnia, COMISA comorbid insomnia and obstructive sleep apnea,
ISI insomnia severity index, OSA obstructive sleep apnea, PAP positive
airway pressure
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cardiovascular morbidity, delaying PAP therapy in patients
with mild OSA for several weeks to determine if CBT-I is
efficacious is not likely to result in significant morbidity
[121–123].

In patients with the second and third COMISA phenotypes,
PAP therapy should be initiated with close follow-up. These
phenotypes, which both feature moderate-severe OSA with
insomnia symptoms, cannot be distinguished without assess-
ment of treatment response. The second phenotype has clini-
cal improvement of SDB and insomnia with initiation of PAP.
In these patients, OSA is driving the insomnia and both tend to
resolve with treatment. Often, these patients will complain of
middle (maintenance) insomnia with frequent awakenings
[52•], but this alone cannot reliably predict the phenotype as
there is significant overlap in early, middle, or late insomnia
complaints in patients with COMISA [10, 17]. Concomitant
treatment of insomnia with either CBT-I or hypnotics in these
patients’ results in unnecessary expenditure of valuable re-
sources and, in the case of hypnotics, exposes patients to po-
tentially harmful side effects [124, 125]. Patients with the third
COMISA phenotype will have an inadequate clinical response
to PAP. This may consist of PAP intolerance or persistent
fatigue and insomnia symptoms despite adequate PAP usage.
It may be difficult to distinguish whether OSA or insomnia is
the dominant disease in the third phenotype but additional
therapy with CBT-I or possibly hypnotics will be required to
address the insomnia component and facilitate PAP tolerance.
An in-lab PAP titration may also be considered to determine
optimal PAP settings, try advanced modes of non-invasive
ventilation [79, 83], and determine if other underlying disor-
ders exist.

Although not a COMISA phenotype, disorders of hyper-
arousal (anxiety or PTSD) frequently accompany COMISA
[27, 57, 60, 126] and a therapeutic strategy for these patients
deserves attention. There is a paucity of treatment data in this
population. In fact, these patients have been excluded from
COMISA study samples [73]. However, given the overall
disease severity, it is reasonable to use concomitant PAP and
CBT-I or hypnotic therapy as initial treatment. This is partic-
ularly true when the OSA is moderate-severe as PAP alone is
unlikely to address the degree of hyperarousal the patient is
experiencing. If there is an inadequate clinical response to
therapy, the addition of a hypnotic or performing an in-lab
titration may be considered. More research on therapy in
COMISA patients and this patient population in particular is
needed to optimize treatment regimens.

Conclusion

COMISA is a prevalent but overlooked and understudied dis-
order in sleep medicine. Frequent arousals from either OSA or
insomnia in patients with LAT may explain the underlying

etiology of COMISA. Patients with COMISA have worse
daytime symptoms as well as poorer subjective and objective
sleep than those with either disorder alone. Further, patients
with COMISA appear to have higher rates and severity of
behavioral health disorders including anxiety, depression,
and PTSD. Thus, appropriate recognition and treatment of
both insomnia and OSA in a patient with COMISA is para-
mount. The best way to do this is unknown as a standardized
approach does not exist due to a paucity of evidence. Based on
the literature to date, we propose that any diagnostic approach
in COMISA should be multidisciplinary and integrate PSG
findings, questionnaires, and clinical interviews. All OSA pa-
tients should be screened for insomnia using the nocturnal
questions from the ISI. Likewise, insomnia patients with
OSA symptoms or those without OSA symptoms who are
refractory to insomnia therapy should undergo a PSG to eval-
uate for occult SDB. Recognizing that different phenotypes of
COMISA exist will help guide treatment that may include
monotherapy or combined therapy, depending on the pheno-
type and presence or absence of associated behavioral health
disorders. Further research is needed to validate and build
upon this approach.
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