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s u m m a r y

Recent investigations have established that patients with obstructive sleep apnea (OSA) and insomnia
have greater daytime impairments and reduced quality of life compared to those with either disorder
alone. The present study reviewed current data on the co-occurrence prevalence of insomnia and
insomnia symptoms with OSA and assessed its worldwide and regional prevalence based on World
Health Organization (WHO) regions. A total of 37 studies were included in the analysis. The overall
prevalence rates of insomnia, any insomnia complaints, difficulty falling asleep (DFA), difficulty main-
taining sleep (DMS) and early morning awakening (EMA) found in OSA patients were 38%, 36%, 18%, 42%,
and 21%, respectively. According to the regional classification of the WHO, the rates of DFA, DMS and
EMA in OSA patients in the Western Pacific Regionwere lower than those in the European Region and the
Region of the Americas. We also analyzed the pooled prevalence rates of OSA based on different apnea-
hypopnea index (AHI) criteria in insomnia patients. The rates were 35% (AHI�5) and 29% (AHI�15),
respectively. Regional differences of DFA, DMS and EMA in OSA patients may be related to sex, age and
body mass index.

© 2019 Elsevier Ltd. All rights reserved.
Introduction

Obstructive sleep apnea (OSA) and insomnia are common sleep
disorders. OSA is a condition characterized by repeated episodes of
partial or complete obstruction of the respiratory passages during
sleep [1e3], with estimated prevalence in the general population
ranging from 9% to 38% [4]. Insomnia has similar prevalence with
estimates ranging from 10% to 40%, depending on whether it is
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viewed as a specific disorder (5e10% prevalence) or a symptom
(30% prevalence) [5e8]. Both OSA and insomnia are implicated in
diseases such as hypertension [9,10] and diabetes [11,12], which are
responsible for enormous health care costs [13,14].

In 1973, Guilleminault et al. provided the first report describing
the co-occurrence of OSA and insomnia [15], and there has recently
been a growing interest in their association [16e21]. This is due to
the fact that patients with OSA and insomnia suffer from greater
daytime impairments [18,22,23] and reduced quality of life [18,24]
compared with patients with OSA or insomnia alone. Furthermore,
different insomnia symptoms (difficulty falling asleep (DFA), diffi-
culty maintaining sleep (DMS) and early morning awakening
(EMA)) actually respond differently to OSA treatment and/or vary
with different levels of OSA treatment adherence [25,26]. Thus,
determining the prevalence and distribution of the co-occurrence
of OSA and insomnia or different insomnia symptoms may raise
awareness of the limitations in treatment for this patient popula-
tion and encourage development of new treatment modalities.
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Abbreviations

AASM American Academy of Sleep Medicine
AHI apnea hypopnea index
BMI body mass index
CI confidence interval
CVD cardiovascular diseases
CPAP continuous positive airway pressure
DFA difficulty falling asleep
DMS difficulty maintaining sleep
DSM Diagnostic and Statistical Manual for Mental

disorders
EMA early morning awakening
HPA hypothalamic-pituitary-adrenal
ICSD International Classification of Sleep Disorders
ISI Insomnia Severity Index
JBIPCAT Joanna Briggs Institute Prevalence Critical

Appraisal Tool
OR odds ratio
OSA obstructive sleep apnea
PG polygraphy
PSG polysomnography
SNS sympathetic nervous system
WHO World Health Organization
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Moreover, it may help in setting priorities for public health policy,
guiding funding for public health initiatives, and for healthcare
planning.

Several studies have reported on the prevalence of co-
occurrence of insomnia/insomnia symptoms with OSA, but esti-
mates vary across studies. One recent review summarized data in
studies published between 2010 and 2015 [18], but meta-analytic
data exploring prevalence rates of co-occurrence across large
numbers of studies and participants are lacking. Furthermore, our
preliminary literature search revealed more than 20 articles in this
area published before 2010 or after 2015. Therefore, a review of the
literature is timely and important. In addition, the information on
the regional prevalence of co-occurrence is lacking. The World
Health Organization (WHO) divides theworld into sixWHO regions
(i.e., Africa, Americas, South East Asia, Europe, Eastern Mediterra-
nean, and Western Pacific) for the purposes of reporting, analysis
and administration [27,28]. Evaluating the co-occurrence preva-
lence of insomnia and OSA according to the WHO regional classi-
fication using a meta-analytic strategy may also help identify
targets for the development of preventive and therapeutic pro-
grams in different regions.

Several factors (e.g., sex, age and body mass index (BMI)) have
the potential to contribute to regional differences in the co-
occurrence of insomnia and/or insomnia symptoms with OSA.
Their associations with insomnia and OSA have been established in
previous studies [4,5,29e32]. It has been demonstrated that being
male, advancing age, and higher BMI are associated with an
increased prevalence of OSA in the adult general population [4],
whereas being female and advancing age are associated with an
increased prevalence of insomnia [29]. In a recent review, Hnin
et al. also considered age, sex and BMI as important contributors to
differences in OSA prevalence observed across different ethnic
populations [33]. Therefore, we speculated that exploring the ef-
fects of sex, age and BMI could aid in understanding reasons for
potential regional differences in the co-occurrence prevalence of
insomnia and/or insomnia symptoms with OSA.
The present review updates and extends previous findings, and
uses a meta-analytic approach to identify the pooled effect size (and
range of credible values) for the co-occurrence of OSA and insomnia.
This approach confers advantages, such as enabling more accurate
conclusions by summarizing the overall effect size and allowing a
more nuanced understanding when statistically testing for factors
thatmay impact effect size. It also avoids the tendency found in some
reviews to simply tally and compare thenumber of significant versus
non-significant findings. Meta-analysis also avoids the focus on re-
sults significance testing, which is affected by factors such as sample
size and variability, and concentrates on effect size [34,35].

Our systematic review identified, meta-analyzed, and appraised
literature contributions with any study design examining the co-
occurrence of insomnia and OSA to answer the following ques-
tions: 1) what are the worldwide and regional prevalence rates of
insomnia/insomnia symptoms (DFA, DMS and EMA) in adult pa-
tients with OSA? 2) what are the worldwide and regional preva-
lence rates of OSA in adult patients with insomnia? and 3) what are
the regional prevalence rates of co-occurrence based on potential
contributing factors such as sex, age, and BMI?

Methods

Eligibility criteria based on the PICOS approach

Participants (P): When exploring the prevalence rates of
insomnia/insomnia symptoms in patients with OSA, the partici-
pants were adult OSA patients. The diagnosis of OSA required an
objective sleep test such as polysomnography (PSG) or polygraphy
(PG) using a cutoff (i.e., 5, 10 or 15) apnea hypopnea index (AHI) to
define OSA. AHI is most often used to determine and indicate the
severity of OSA and it continues to be the best index for evaluating
and diagnosing patients with OSA [36]. Although the respiratory
disturbance index (RDI) has sometimes been used to determine
OSA in sleep research, the RDI and AHI algorithms are different,
resulting in different values for across measures. Thus, combining
the results of studies which used RDI and AHI cutoffs in our
meta-analysis would have made our definition of OSA too complex,
and the pooled effect sizes difficult to interpret. Thus, we only
included studies which used an AHI cutoff to determine OSA.

When exploring the prevalence of OSA inpatientswith insomnia,
the participants were adult insomnia patients. The diagnosis of
insomnia required any one of the following three conditions: 1) it
met Diagnostic and Statistical Manual of Mental Disorders (DSM)
criteria [37] or International Classification of Sleep Disorders (ICSD)
criteria [38], 2) it was made by a health professional, or 3) it was
based on a score above a given threshold on a valid insomnia
questionnaire, such as the Insomnia Severity Index (ISI)� 15 [39,40].

When exploring the prevalence of OSA inpatientswith insomnia,
studies using subjects referred for sleep testing due to a high clinical
suspicion for OSA were excluded, because of selection bias.

For explorations of both the prevalence rates of insomnia/
insomnia symptoms in patients with OSA and of the prevalence of
OSA in patients with insomnia, studies using trauma samples or
highly suspected trauma samples (i.e., veterans) were excluded, due
to the potential specific events underlying their insomnia [41,42] and
OSA [43], and that they are not the routine cases seen in hospital or
community samples. Traumatic events are defined formally in DSM
[37] as an event involving serious injury or potential or actual death
that an exposed person experiences (or witnesses), and responds
with helplessness, intense fear or horror. Participants who had
experienced traumatic events were judged as trauma samples.

Intervention (I): When exploring the prevalence rates of
insomnia/insomnia symptoms in OSA patients, we did not exclude
patientswhowere takingmedication to improve insomnia symptoms
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becausewe believed that taking sleepmedications usuallywould not
make patients deny their original insomnia symptoms. By compari-
son, continuous positive airway pressure (CPAP) treatment can pre-
sent high pressure at the face, uncomfortable headgear, noise, mask
discomfort, andnasal congestion, or dryness [44]. It is often seen asan
intrusion into sleep [44]. Thus, we considered CPAP a potentially
confounding factor which could bias the prevalence rates of
insomnia/insomnia symptoms in OSA patients, and excluded studies
which the OSA patients were under CPAP therapy whenwe explored
the prevalence of insomnia/insomnia symptoms in OSA patients.

For exploring the prevalence of OSA in patients with insomnia,
we did not exclude studies which contained insomnia patients
using sleepmedication because a previous systematic review found
that sleepmedications (i.e., eszopiclone, triazolam, nitrazepam, and
zolpidem, etc.) did not significantly increase AHI (OSA severity)
[45]. For the effects of CPAP, we believed that CPAP treatment
usually would not make patients deny their original OSA diagnosis
and did not exclude studies containing patients who had under-
gone CPAP treatment.

Comparison (C): This element was not applicable as we did not
compare the pooled prevalence data with control groups.

Outcome (O): When exploring the prevalence of insomnia in
patients with OSA, the outcome was prevalence of insomnia. The
diagnosis criteria for insomnia was in accordance with that
described in the “Participants (P)” section.

When exploring the prevalence rates of insomnia symptoms in
patients with OSA, the outcomes were prevalence rates of insomnia
symptoms (i.e., DFA, DMS, EMA, and any insomnia complaints). The
definition of “insomnia symptoms” required that participants of the
included studies answer questions to reflect the absence or pres-
ence of specific insomnia symptoms (DFA, DMS, or EMA) or any
insomnia complaints. The questions asking about insomnia symp-
toms could be derived from a valid insomnia questionnaire (items
in the questionnaire) or could be designed by the investigators of
original studies.

When exploring the prevalence of OSA in patients with
insomnia, the outcome was prevalence of OSA. The diagnosis
criteria for OSA were as described in the “Participants (P)” section.

Studies with insufficient data for extraction of outcomes needed
for the planned assessments were excluded.

Study design (S): Studies included any hospital- and
community-based patient studies with any study design (i.e., cross-
sectional, cohort, and caseecontrol study) that included relevant
cross-sectional data. Case reports, commentaries, and reviews were
excluded.

Other inclusion criteria required that the studies were pub-
lished in English and were obtained from peer-reviewed journals. If
the same sample was used in more than one publication (overlap
data), then only the dataset with the largest sample was chosen to
avoid data duplication.

Information sources

We searched MEDLINE via OVID (up to May 16, 2018); EMBASE
via OVID (up toMay 15, 2018); Web of Science (up toMay 17, 2018);
PsyINFO via EBSCOhost (up toMay 25, 2018); CINAHL via EBSCOhost
(up toMay 21, 2018); and all EBM databases via OVID (up toMay 23,
2018). EndNote software was used to manage the references and
removal of duplicates.

Search

The search strategies for all databases are included in Tables S1-
S6. To supplement the electronic searches, the reference lists of
included studies were also screened (Supplementary file).
Study selection

Studies were screened for relevance to the topic by title, fol-
lowed by abstract and/or full text of the article. Articles were
screened for inclusion by two reviewers (Zhang, Y. and Ren, R.).
Studies that were conducted using animals or not written in En-
glish were excluded.

Data collection process

Data extraction was performed by two independent reviewers
(Zhang, Y. and Ren, R.) using data collection forms. The data forms
were piloted before use and included: 1) first author, 2) publication
year, 3) research site (country), study design and recruitment
setting (hospital or community), 4) total number of insomnia/OSA
patients, 5) male%, age and BMI of OSA/insomnia patients, 6) clin-
ical tools for insomnia symptoms, 7) oxygen desaturation for
hypopnea (�3% or 4%), 8) diagnosis criteria of OSA/insomnia, 9)
prevalence of insomnia in OSA patients, 10) prevalence rates of DFA,
DMS and EMA in OSA patients, and 11) prevalence of OSA in
insomnia patients. Additional details obtained from included
studies were: 1) whether they had an exclusion criterion for co-
occurrence of non-sleep conditions (Yes vs. No), 2) whether they
had an exclusion criteria for patients taking sleep medications (Yes
vs. No), and 3) rates of patients taking sleep medications. Dis-
agreements were resolved with discussion, or if agreement could
not be reached, a third author (Tang, X. D.) assisted in the resolution
of any discrepancies. Data was obtained from the original papers
and by contacting the authors when necessary (Table S7). If no clear
answers were received from the authors after one month, the
requested data was considered not performed or missing. The data
were entered by a single author (Zhang, Y.) and verified by both
reviewers (Zhang, Y. and Ren, R.).

Quality assessments

The methodological quality of the included studies was evalu-
ated using the Joanna Briggs Institute Prevalence Critical Appraisal
Tool (JBIPCAT) developed by Munn et al. [46,47]. This is an easy to
use and validated tool for evaluating the methodological quality of
studies reporting prevalence data in a systematic review [46]. The
JBIPCAT revised version [46] includes nine questions used to eval-
uate the methodological quality of studies reporting prevalence
data. These questions require responses of yes, no, unclear, or not
applicable. The percentage of number of “yeses” was calculated for
each included study.

Statistical analyses

In this meta-analysis, to evaluate the pooled estimates of the
prevalence of co-occurrence of OSA and insomnia, we obtained an
estimate of the proportion of OSA in patients with insomnia, the
proportion of insomnia in patients with OSA, and the proportion of
DFA, DMS and EMA in patients with OSA from each study. To assess
the worldwide geographical distribution of the prevalence of co-
occurrence of OSA and insomnia, we performed a subgroup anal-
ysis according to the broadWHO regional classifications (i.e., Africa,
Americas, South East Asia, Europe, Eastern Mediterranean, and
Western Pacific) [27,28] (Details of how this classification was used
is presented in Supplementary Data). When possible, sex differ-
ences in co-occurrence were explored across subgroup analyses
and univariate meta-regressionwas used to assess variations of co-
occurrence with age, BMI, and methodological variables (i.e., study
design and recruitment). To strengthen the results, random-effects
models were used in all of the tests. Publication bias was evaluated
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with a funnel plot and tested for asymmetry using the Egger's test
[48], with p values below 0.05 suggesting the presence of bias. All
statistical analyses were performed using Comprehensive Meta-
Analysis and STATA software.

Results

Study selection

Our search yielded 10,360 publications (Fig. 1). After removing
the duplicates, we screened the title and abstract of the remaining
6441 articles. A total of 125 articles were selected for full paper
review. Of these, 37 articles were found to meet the inclusion
criteria (the excluded studies and reasons for their exclusion are
provided in Table S8).

Insomnia/insomnia symptoms in OSA

Study characteristics. Seven studies involving a total of 8820 OSA
patients reporting on prevalence rates of insomnia and 27 studies
(one study was in both categories) involving a total of 25,987 OSA
patients reporting on insomnia symptoms met our inclusion
criteria (Table 1). Within WHO regions, one study [49] was a
multi-center design (including patients from US, Australia,
Germany, Brazil, Taiwan and Iceland), while nine studies
[24,50e57] were conducted in the European Region, eleven studies
[58e68] were conducted in the Western Pacific Region, one study
[69] was conducted in the South-East Asia Region, and 11 studies
[70e80] were conducted in the Region of the Americas. As for
OSA diagnosis, 14 studies [50,57e60,62e64,69,70,72,74,78,80] used
AHI�5, five studies [55,66,73,75,79] used AHI�10, nine studies
[24,49,53,54,56,61,67,71,77] used AHI�15, four studies
Fig. 1. Flow chart used for the identification of eligible studies.
[51,52,65,76] used criteria of AHI�5 and AHI�15, and one study
[68] used AHI�20. With respect to oxygen desaturation for
hypopnea, six studies [56,58,66,68,70,71] used �3%, 18 studies
[24,49,51e55,59,60,62e64,67,69,74,76,77,80] used �4%, eight
studies [50,57,61,65,72,75,78,79] did not specify the oxygen desa-
turation for hypopnea, and one study [73] did not use desaturation.
Of the seven studies that reported an insomnia diagnosis, four
studies [51,60,70,71] used DSM or ICSD criteria, one study [50] re-
ported that insomnia cases were physician diagnosed, and two
studies [58,59] used an ISI score �15 to determine insomnia. The
quality assessments of included studies are available in Table S11.

Overall prevalence of insomnia/insomnia symptoms in patients with
OSA

The pooled estimated prevalence rates of insomnia, any
insomnia complaints, DFA, DMS, and EMA in patients with OSA
were 38.0% (95% confidence interval [CI]: 15e64%), 36% (95%CI:
26e46%), 18% (95%CI: 14e23%), 42% (95%CI: 32e51%), and 21% (95%
CI: 14e28%), respectively (Figs. 2e6).

Regional prevalence of insomnia/insomnia symptoms in patients
with OSA

Data needed for calculating the regional prevalence of
insomnia in patients with OSA were lacking from the African
Region, the Eastern Mediterranean Region and the South-East
Asia Region. Therefore, we were only able to assess prevalence
in the other three geographic regions. The pooled prevalence of
insomnia in patients with OSA in the European Region, Region of
the Americas, and Western Pacific Region was 48% (95%CI:
2e97%), 49% (95%CI: 41e57%), and 28% (95% CI: 26e31%),
respectively (Fig. 2). The rate of insomnia in patients with OSA in
the Western Pacific Region was lower than in the other regions
(p < 0.001).

The pooled prevalence rates of any insomnia complaints in pa-
tients with OSA in the European Region, Region of the Americas,
andWestern Pacific Regionwere 29% (95%CI: 14e47%), 51% (95%CI:
36e66%), and 31% (95% CI:17e48%), respectively (Fig. 3). The rate of
any insomnia complaints in patients with OSA in the Region of the
Americas appeared higher than in other regions, but the difference
was not statistically significant (p ¼ 0.110).

The pooled prevalence of DFA in patients with OSA in the Eu-
ropean Region, Region of the Americas, and Western Pacific Region
was 20% (95%CI: 12e30%), 24% (95%CI: 16e32%), and 9% (95% CI:
5e14%), respectively (Fig. 4). The rate of DFA in patients with OSA in
theWestern Pacific Regionwas significantly lower than in the other
regions (p < 0.001).

The pooled prevalence of DMS in patients with OSA in the Eu-
ropean Region, Region of the Americas, and Western Pacific Region
was 52% (95%CI: 41e64%), 35% (95%CI: 22e48%), and 28% (95% CI:
19e38%), respectively (Fig. 5). The rate of DMS in patients with OSA
in the European Region was significantly higher than in the other
regions (p < 0.001).

The pooled prevalence of EMA in patients with OSA in the Eu-
ropean Region, Region of the Americas, and Western Pacific Region
was 27% (95%CI: 19e35%), 24% (95%CI: 15e35%), and 9% (95%
CI:2e20%), respectively (Fig. 6). The rate of EMA in patients with
OSA in the Western Pacific Region was significantly lower than in
the other regions (p < 0.001).

Effects of sex, age and BMI

The meta-regression analysis of OSA patients found that being
male was associated with lower prevalence rates of DFA and EMA



Table 1
Summary of included studies reporting the prevalence rates of insomnia and insomnia symptoms in patients with OSA used in the meta-analysis (for more information please see Table S9).

Study Country OSA
sample
size

Study design Recruitment
setting

Sample Insomnia
Diagnosis
criteria

Evaluation of
insomnia
symptoms

OSA criteria Oxygen
desaturation
for hypopnea

Prevalence
of insomnia

Prevalence
rates of
insomnia
symptoms

Saaresranta et al.,
2016 [50]

17 European
countries and
Israel

6555 Baseline cross-
sectional data
of longitudinal
design

Hospital Consecutive patients; 75.4%
male; mean age (range):
52.93 (18e80); mean BMI:
31.7; mean AHI: 34.57

Physician
diagnosed

Questions designed
by the investigators

AHI�5 (PSG/PG in
sleep lab)

Unspecified 5.6% Any insomnia
complaints
(53.5%)

Lichstein et al.,
2013 [70]

US 89 Cross
-sectional

Hospital Consecutive patients; age
range: 15e86; unspecified
gender, BMI and AHI

ICSD-2 N/R AHI�5 (sleep lab
PSG)

�3% 67.4% N/R

Kline et al., 2014
[71]

US 64 Baseline cross-
sectional data
of longitudinal
design

Community Recruited patients; 100%
female; mean age: 52.8;
mean BMI: 36.4;
unspecified AHI

DSM-IV N/R AHI�15 (home
PSG)

>3% 23.4% N/R

Cho et al., 2018 [58] Korea 476 Cross-sectional Hospital Consecutive patients; 75.8%
male; mean age
(range):50.9 (20e75);
mean BMI: 25.56; mean
AHI: 33.68

ISI�15 N/R AHI�5 (sleep lab
PSG)

�3% 29.2% N/R

350 Cross-sectional Hospital Consecutive patients;
unspecified age, gender and
BMI

ISI�15 N/R AHI�15 (sleep lab
PSG)

�3% 29.1% N/R

Choi et al., 2015
[59]

Korea 117 Cross-sectional Hospital Consecutive patients; 87.2%
male; mean age (range):
49.36 (20e75); mean BMI:
26.34; mean AHI: 32.19

ISI�15 N/R AHI�5 (sleep lab
PSG)

�4% 27.4% N/R

Choi et al., 2016
[60]

Korea 198 Cross-sectional Hospital Consecutive patients; 82.3%
male; age range: (20e79);
unspecified age, BMI and
AHI

DSM-IV
and ICSD-2

N/R AHI�5 (sleep lab
PSG)

�4% 24.7% N/R

Bjorvatn et al., 2015
[51]

Norway 648 Cross-sectional Hospital Consecutive patients; 75%
male; age range (17e83);
unspecified age, BMI and
AHI

DSM-IV N/R AHI�5 (Type three
portable monitor in
home)

�4% 73.8% N/R

323 Consecutive patients; 83.3%
male; age range (17e83);
unspecified age, BMI and
AHI

DSM-IV N/R AHI�15 (Type three
portable monitor in
home)

�4% 72.1% N/R

Nigro et al., 2018
[72]

Argentina 788 Cross-sectional Hospital Consecutive patients; 61.4%
male; unspecified age, BMI,
AHI

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

unspecified N/R DFA (21.95%);
DMS (20.3%)

Ambrogetti et al.,
1991 [61]

Australia 66 Cross-sectional Hospital Consecutive patients; 66.7%
male; mean age: 59.4;
unspecified BMI and AHI

N/R Questions designed
by the investigators

AHI�15 (sleep lab
PSG)

unspecified N/R DFA (11.3%)

Krell et al., 2005
[73]

US 228 Cross-sectional Hospital Consecutive patients; age
range (20e85); unspecified
gender, BMI and AHI

N/R Questions designed
by the investigators

AHI�10 (sleep lab
PSG)

Did not use
desaturation

N/R Any insomnia
complaints
(51.8%); DFA
(29.4%), DMS
(36.4%); EMA
(28.9%)

Wickwire et al.,
2010 [74]

US 232 Baseline cross-
sectional data
of longitudinal
design

Hospital Consecutive patients; 56.5%
male; mean age: 53.6;
mean BMI: 34.4; mean
AHI:41.8

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

�4% N/R Any insomnia
complaints
(37%); DFA
(16.6%), DMS

(continued on next page)
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Table 1 (continued )

Study Country OSA
sample
size

Study design Recruitment
setting

Sample Insomnia
Diagnosis
criteria

Evaluation of
insomnia
symptoms

OSA criteria Oxygen
desaturation
for hypopnea

Prevalence
of insomnia

Prevalence
rates of
insomnia
symptoms

(23.7%), EMA
(20.6%)

Subramanian et al.,
2011 [75]

US 300 Cross-sectional Hospital Convenience sample; 50%
male; mean Age: 49.42;
mean BMI: 43.07; mean
AHI: 46.79

N/R Questions designed
by the investigators

AHI>10 (sleep lab
PSG)

Unspecified N/R DFA (57.3%);
DMS (68%);
EMA (48%)

Arnardottir et al.,
2016 [52]

Iceland 164 Cross-sectional Community Recruited form general
population; 60.4% male;
mean age (range): 56.6 (40
e65);;mean BMI: 29.4;
mean AHI: 15.1

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�5 (Type three
portable monitor)

�4% N/R DFA (13%), DMS
(36.9%), EMA
(15.7%)

Iceland 64 Cross-sectional Community Recruited form general
population; 68.7% male;
mean age (range): 57.49 (40
e65); mean BMI: 30.08;
mean AHI: 24.39

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (Type 3
portable monitor)

�4% N/R DFA (17%), DMS
(38%), EMA
(18.7%)

Bj€ornsd�ottir et al.,
2016 [53]

Iceland 284 Cross-sectional Hospital Consecutive patients; 78.5%
male; mean age: 53.9;
mean BMI: 33.0; mean AHI:
33.1

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (Type three
portable monitor/
Embla 12 channel
system/T3 device in
sleep lab)

�4% N/R DFA (18.5%),
DMS (55.5%),
EMA (28.0%)

Bj€ornsd�ottir et al.,
2012 [24]

Iceland 824 Cross-sectional Hospital Consecutive patients; 81.2%
male; mean age: 54.4;
mean BMI: 33.53;
unspecified AHI

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (Type three
portable monitor or
an Embla 12
channel
System in sleep lab)

�4% N/R DFA (15.4%);
DMS (53.6%)

Eysteinsdottir et al.,
2017 [54]

Iceland 796 Baseline cross-
sectional data
of longitudinal
design

Hospital Consecutive patients; 80.9%
male; mean age: 54.2;
mean BMI: 33.5; mean AHI:
44.8

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (Type three
portable monitor or
an Embla 12
channel
System in sleep lab)

�4% N/R EMA (27.7%)

Keenan et al., 2018
[49]

International
(US, Australia,
Germany,
Brazil, and
Taiwan)

757 Cross-sectional Hospital Recruited patients; 72.8%
male; mean age: 50.9;
mean BMI: 33.8; mean AHI:
46.6

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (sleep lab
PSG or home sleep
test)

�4% N/R DFA (33.0%),
DMS (48.3%),
EMA (39.2%)

Iceland 215 Cross-sectional Hospital Recruited patients; 61.4%
male; mean age: 55.3;
mean BMI: 34.0; mean AHI:
29.8

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (sleep lab
PSG or home sleep
test)

�4% N/R DFA (40.9%),
DMS (74.2%),
EMA (43.5%)

Young et al., 1996
[76]

US 223 Baseline cross-
sectional data
of longitudinal
design

Community Recruited patients; 72.2%
male; mean age (range):
47.25 (30e60); mean BMI:
33.36; unspecified AHI

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

�4% N/R DFA (18.46%),
DMS (16.1%),
EMA (15%)

89 Baseline cross-
sectional data
of longitudinal
design

Community Recruited patients; 80.9%
male; mean age (range):
47.21 (30e60); mean BMI:
34.85; unspecified AHI

N/R Questions designed
by the investigators

AHI�15 (sleep lab
PSG)

�4% N/R DFA (18.57%),
DMS (21.8%),
EMA (19.74%)

Quintana-
Gallegoet al.,
2004 [55]

Spain 1166 Cross-sectional Hospital Consecutive patients; 83.2%
male; mean age: 53.72;
mean BMI: 33.17;
unspecified AHI

N/R Questions designed
by the investigators

AHI�10 (sleep lab
PSG or home PG)

�4% N/R Any insomnia
complaints
(17.3%)
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Gagnadoux et al.,
2016 [56]

France 5983 Baseline cross-
sectional data
of longitudinal
design

Hospital Consecutive patients; 71.1%
male; mean age (range):
60.1 (�18); mean BMI:
31.7; mean AHI: 41

N/R Questions designed
by the investigators

AHI�15 (PSG or
overnight
respiratory
recording,
unspecified
performed in sleep
or home)

>3% N/R Any insomnia
complaints
(23.5%)

Lee et al., 2014 [62] Korea 655 Cross-sectional Hospital Consecutive patients; 86.9%
male; mean age (range):
49.5 (18e83); mean BMI:
25.9; mean AHI: 28.5

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

�4% N/R Any insomnia
complaints
(35.5%), DFA
(17.8%), DMS
(28.8%), EMA
(20.7%)

Nam et al., 2016
[63]

Korea 50 Cross-sectional Hospital Recruited patients; 90%
male; mean age (range):
47.16 (�20); mean AHI:
30.74; unspecified BMI

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

�4% N/R DFA (6%), DMS
(48%)

Chung et al., 2005
[64]

China 157 Cross-sectional Hospital Consecutive patients; 93.0%
male; mean age (range):
44.5 (20e72); mean BMI:
27.8; mean AHI: 37.8

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

�4% N/R Any insomnia
complaints
(42%), DFA
(5.7%), DMS
(25.5%), EMA
(19.1%)

Luo et al., 2015 [65] China 328 Cross-sectional Hospital Consecutive patients; 90.9%
male; mean age (range):
45.6 (>18); unspecified BMI
and AHI

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

N/R N/R DFA (5.2%),
EMA (1.52%),

261 Cross-sectional Hospital Consecutive patients; 93.1%
male; mean age (range):
45.26 (>18); unspecified
BMI and AHI

N/R Questions designed
by the investigators

AHI�15 (sleep lab
PSG)

N/R N/R DFA (2.7%),
EMA (0.77%)

Kapur et al., 2005
[77]

US 1115 Cross-sectional Community Community patients; 66.3%
male; mean age (range):
64.79 (>40); mean BMI:
31.35; mean AHI: 29.97

N/R Questions designed
by the investigators

AHI�15 (home
PSG)

�4% N/R DFA (13.4%),
DMS (19.1%),
EMA (17.4%)

Hasan et al., 2012
[69]

India 234 Case-control Hospital Consecutive patients; 79%
male; mean age: 54; mean
BMI: 36; mean AHI: 31.3

N/R Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

�4% N/R DMS (92%)

Basoglu et al., 2018
[57]

Turkey 2827 Cross-sectional Hospital Consecutive patients; 72.6%
male; mean age (range):
51.96 (�18); mean BMI:
33.03; unspecified AHI

Self-report Questions designed
by the investigators

AHI�5 (sleep lab
PSG)

Unspecified N/R Any insomnia
complaints
(25.9%)

Lang et al., 2017
[66]

Australia 370 Cross-sectional Community Community patients; 100%
male; mean age (range):
60.44 (40e85); mean BMI:
29.1; unspecified AHI

N/R Questions designed
by the investigators

AHI�10 (home
PSG)

�3% N/R Any insomnia
complaints
(12.7%)

Bianchi et al., 2013
[78]

US 185 Cross-sectional Hospital Consecutive patients; mean
age (range): 53.44 (>18);
65.9% male; mean BMI:
32.16; mean AHI:19.15

N/R Questions designed
by the investigators

AHI>5 (sleep lab
PSG)

NR N/R Any insomnia
complaints
(64.3%)

Kim et al., 2018
[67]

Korea 422 Cross-sectional Community Patients of population
study; 68.5% male; mean
age: 61.5; mean BMI: 26.2;
mean AHI: 25.6

N/R Questions derived
from a valid
questionnaire
(BNSQ items)

AHI�15 (home
PSG)

�4% N/R DFA (15.6%);
DMS (16.6%);
EMA (14.2%)

Gold et al., 2008
[79]

US 186 Cross-sectional Hospital Consecutive patient;
unspecified male; age BMI;
AHI

N/R Questions designed
by the investigators

AHI�10 (sleep lab
PSG)

NA N/R DFA (18.3%)
DMS (65.1%)

(continued on next page)
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(p < 0.01, Table S18), but not with DMS and any insomnia com-
plaints. In the evaluated studies, the reported co-occurrence
prevalence rates for males compared to females, respectively,
were 23.1% vs. 35.5% for any insomnia complaints, 17.9% vs. 27.9%
for DFA, 33.9% vs. 41.8% for DMS, and 22.7% vs. 23.3% for EMA
(Table S19).

Age was not significantly associated with the overall prevalence
rates of insomnia symptoms in OSA patients (p > 0.05).

BMI was associated with overall prevalence rates of DFA, DMS
and EMA in OSA patients (p < 0.05).

Effects of different AHI cutoffs to define OSA, OSA severity and
oxygen desaturation threshold

The use of different AHI cutoffs (5 and 15) to define OSAwas not
statistically associated with the prevalence rates of insomnia, DFA,
DMS and EMA in patients and OSA (Figs. S1eS5).

The potential associations of different oxygen desaturation
thresholds (3% and 4%) with the prevalence rates of insomnia and
insomnia symptoms in patients with OSA could not be examined
because of limited data (Tables S12-S16).

Meta-regression analysis revealed that OSA severity (AHI value)
was not associated with the pooled prevalence of insomnia, DFA
and DMS (p > 0.05), but there was a small significant association
with the pooled prevalence of EMA in patients with OSA (Table S18;
point estimate ¼ 0.037, p ¼ 0.006).

Additional considerations

To assess potential effects of different methodologies, where
possible, we also performed a meta-regression analysis to deter-
mine whether they had an exclusion criterion for co-occurrence of
non-sleep conditions (Yes vs. No), different recruitment settings
(community vs. hospital), whether they had an exclusion criteria
for patients taking sleep medications (Yes vs. No), and whether the
rates of OSA patients taking sleep medications influenced the
pooled prevalence rates of co-occurrence (Table S18). We only
found that recruitment setting was a significant source of hetero-
geneity for the pooled prevalence of DMS in patients with OSA
(p ¼ 0.001). The quality assessment of the included studies found
no significant associations between percentage of “yes” answers
with the pooled prevalence rates of insomnia/insomnia symptoms
in patients with OSA (p > 0.05).

Publication bias

Fig. S6 shows the funnel plots of the meta-analyses for the
prevalence of insomnia and insomnia symptoms in patients with
OSA. No publication bias was found (p > 0.05).

OSA in insomnia

Study characteristics. In the studies reporting the prevalence of OSA
in patients with insomnia, six studies (two overlapped with the
seven studies reported insomnia in OSA) used PSG to diagnosis OSA
and included a total of 2507 insomnia patients that met inclusion
criteria (Table 2). Among the six eligible studies, two [81,82] were
conducted in the European Region, three [60,83,84] were con-
ducted in the Western Pacific Region, and one [71] was conducted
in the Region of the Americas. Regarding OSA diagnosis, one study
[60] used AHI�5 to determine OSA, two studies [71,81] used
AHI�15, and three studies [82e84] used AHI�5 and AHI�15 as
criteria. For oxygen desaturation for hypopnea, four studies
[71,81,82,84] used �3%, and two studies [60,83] used �4%. For
insomnia diagnosis, six studies [60,71,81e84] used DSM or ICSD



Fig. 2. Forest plot of the overall prevalence of insomnia in patients with OSA. The results are shown as prevalence and 95% confidence interval (CI). ES, effect size (prevalence rate).
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criteria. The quality assessments of included studies are available in
Table S11.

Prevalence of OSA in patients with insomnia

The prevalence rates of insomnia in OSA patients in the studies
using AHI�5 and studies using AHI�15 were 35% (95%CI: 31e40%)
and 29% (95%CI: 18e41%; Fig. 7), respectively. An analysis of the
Fig. 3. Forest plot of the overall prevalence of any insomnia complaints in patients with OS
(prevalence rate).
regional prevalence of insomnia was not performed because of
insufficient data in each AHI group.
Effects of oxygen desaturation threshold

The potential associations of different oxygen desaturation
thresholds (3% and 4%) with the prevalence of OSA in patients
A. The results are shown as prevalence and 95% confidence interval (CI). ES, effect size



Fig. 4. Forest plot of the overall prevalence of difficulty falling asleep in patients with OSA. The results are shown as prevalence and 95% confidence interval (CI). ES, effect size
(prevalence rate).
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with insomnia determined by AHI cutoff are shown in
Table S17.
Additional considerations

As shown in Table S20, the use of an exclusion criteria for
patients taking sleep medications (Yes vs. No), different
recruitment setting (Hospital vs. Community), and whether they
had an exclusion criterion for co-occurrence of non-sleep con-
ditions (Yes vs. No) were not associated with prevalence of OSA
in insomnia in studies using AHI�5 or AHI�15 as OSA criteria.
The quality assessment of included studies found that the per-
centage of “yes” answers was a significant source of heteroge-
neity in the pooled prevalence of OSA in patients with insomnia
in studies using AHI�5 to determine OSA, as well as in studies
using AHI�15 to determine OSA. The prevalence of OSA in
insomnia patients was increased with a decrease in percentage
of “yes” answers.
Publication bias

Fig. S6 shows the funnel plots of the meta-analyses for the
prevalence of OSA in patients with insomnia. No publication bias
was found (p > 0.05).
Discussion

Summary of findings

We found that the overall pooled prevalence rates of insomnia,
any insomnia complaints, DFA, DMS and EMA were 38%, 36%, 18%,
42%, and 21% in patients with OSA, respectively. The prevalence of
OSA in patients with insomnia was 35% (AHI�5) and 29% (AHI�15),
respectively. The prevalence of insomnia and insomnia symptoms
varied across regions. Compared with the European Region and
Region of the Americas, the rates of insomnia, DFA, DMA and EMA
in OSA in the Western Pacific Region were relatively lower.

Co-occurrence of OSA and insomnia

Our meta-analysis revealed that insomnia/insomnia symptoms
commonly co-occur with OSA. Given that insomnia and OSA are
both associated with the presence and severity of cardiovascular
diseases [85,86], their co-occurrence should be closely monitored.
It should be noted that the pooled prevalence rate of DMS (42%) in
patients with OSA was higher than that of DFA (18%) and of EMA
(21%), indicating that the most common insomnia symptom in
patients with OSA is DMS, whereas DFA is most common in patients
with primary insomnia. This may be due to the fact that the clinical
syndrome of sleep apnea associated with insomnia is characterized



Fig. 5. Forest plot of the overall prevalence of difficulty maintaining sleep in patients with OSA. The results are shown as prevalence and 95% confidence interval (CI). ES, effect size
(prevalence rate).
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by repeated episodes of apnea during sleep and with respiration
onset associated with general arousal and often complete awak-
ening [15]. By comparison, the interactions between neurophysio-
logical hyperarousal and psychological and behavioral processes
contribute to the development of insomnia symptoms in patients
with primary insomnia [87]. Interestingly, although Nguyên et al.
reported that insomnia symptoms in OSA patients could signifi-
cantly improve with the first-line treatment with CPAP [88],
Bjornsd�ottir et al. found that CPAP only significantly reduced DMS
[26]. Other insomnia symptoms, including DFA and EMA, tended to
persist regardless of CPAP treatment, and DFA even negatively
impacted CPAP adherence [26]. These results highlight the impor-
tance of assessing different insomnia symptoms in the manage-
ment of OSA [89]. Analyzing the prevalence rates of co-occurrence
of each insomnia symptom with OSA has the potential to better
support healthcare professionals and policy-makers in making
evidence-based decisions that effectively target and address dis-
ease burden issues, both now and in the future.

The co-occurrence of insomnia and OSA may also be attributed
to their shared pathological physiology and clinical manifestations
[17,18]. The sympathetic nervous system and hypothalamic-
pituitary-adrenal (HPA) axis play important roles in the develop-
ment of OSA [90,91], as well as in insomnia [85,92]. Beneto et al.
proposed that metabolic factors and activation of the HPA axis
could be a link between insomnia and OSA [19].

OSA facilitates the development of insomnia via a psycho-
physiological conditioning process in which responses to repeated
awakenings in sleep lead to a dysfunction in sleep behaviors [19]. In
turn, insomnia could worsen OSA symptoms through unknown
mechanisms that alter upper airway muscle tone induced by sleep
fragmentation and by greater exposure to a less stable, lighter stage
of non-rapid eye movement sleep (stage 1) [19,23].

Regional difference and its contributors

These meta-analytic findings provide a general profile of the co-
occurrence of OSA and insomnia around the world, and indicate
that the prevalence rates of insomnia, DFA, DMS and EMA in pa-
tients with OSA in the Western Pacific Region were lower than in
other WHO regions. These results might have implications for the
prevention and clinical management of the co-occurrence of OSA
and insomnia among healthcare providers and policy makers. In
the European Region and the Region of Americas, additional effort
promoting screening for DFA, DMS and EMA in OSA patients, and of
monitoring the associations of different insomnia symptoms with
CPAP treatment, could be helpful for improving clinical outcomes.

Age, sex and BMI might be important contributors to the
regional differences in co-occurrence of OSA and insomnia. Due to
the limited variations of mean age (range from 44.5 to 64.79 y)
across studies, we did not find significant associations between the
overall prevalence rates of insomnia symptoms (DFA, DMS and
EMA) and age in OSA patients within our meta-regression analysis.
The mean age of OSA patients in the Western Pacific Region was
relatively younger compared to those in almost all the included



Fig. 6. Forest plot of the overall prevalence of early morning awaking in patients with OSA. The results are shown as prevalence and 95% confidence interval (CI). ES, effect size
(prevalence rate).
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studies from other regions in our study (Table 1). This result is
consistent with our previous findings that OSA patients in the
Western Pacific Region have younger ages relative to countries in
Europe, North America, and South America [93]. Moreover, a pro-
gressively increased risk ratio of insomnia in elderly subjects
compared to that in young adults has been reported for the general
population in previous studies [29]. Thus, that the rates of insomnia
and insomnia symptoms in OSA patients in the Western Pacific
Region were lower than those in other regions may partially be
explained by differences in age.

The results of the present study indicated that female patients
with OSA are more likely to have insomnia symptoms, in particular,
DFA and EMA. This finding was similar to that of a previous meta-
analysis showing that the risk ratio of insomnia was 1.41 (95% CI:
1.28e1.55) for females compared with males in the general popu-
lation [29]. Differences between females and males in the action of
sex hormones, stress responses in sleep mechanisms, social
patterning of behaviors that affect sleep, circadian clock genes, and
in respiratory control [94e96] may contribute to sex differences in
insomnia symptoms in OSA patients. The regional differences we
observed may also relate to the fact that studies in the Western
Pacific Region provided data on fewer females (0e33%) than did
those from other regions (19.1e100%). It should be noted that there
was no sex difference in the prevalence of DMS in OSA patients.
This may be due to the fact that the effects of repeated episodes of
apnea during sleep on the development of DMS are similar in male
and female patients with OSA.

Our meta-regression analysis also found a significant association
between BMI and overall prevalence rates of insomnia symptoms in
OSA patients, which is accordant with a recent meta-analysis by
Chan et al. [97]. They found a significant cross-sectional correlation
between insomnia and BMI which supported the hypothesis that
insomnia and obesity has an impact on the maintenance of each
other [97]. For instance, in a studyby Lallukka et al. [98],womenwith
obesity had greater odds of having persistent insomnia at a 5.5 y
follow-up than did those without obesity. BMI is a strong determi-
nant of persistent and increasing insomnia symptoms [98]. There-
fore, the regional differences we observed may also involve
differences in BMI found in the Western Pacific Region
(25.56e29.10 kg/m2) compared to other regions (29.4e43.07 kg/m2).

Roles of different definitions of OSA and insomnia

It should be noted that the AHI cutoff used to define OSA as well
as the oxygen desaturation threshold used to define hypopnea
varied across studies in this review. Using different oxygen desa-
turation thresholds and AHI cutoffs can affect severities of OSA even
within the same sex- and age-specific subgroup [99], and thus
probably affect the pooled rate of occurrence of insomnia and OSA.
To test this possibility, we conducted a meta-regression analysis to
explore the effect of AHI on insomnia and insomnia symptoms.
However, non-significant relationships were found between AHI
and insomnia, DFA, and DMS, and only a small, significant
correlation was established between AHI and EMA (point
estimate ¼ 0.037, p ¼ 0.006). These findings suggest that insomnia
andmost insomnia symptoms in OSA are not explained by different
severities of sleep apnea, as suggested by a previous study [68].
With respect to the pooled rate of OSA in insomnia, a subgroup



Table 2
Summary of included studies reporting the prevalence OSA in patients with insomnia used in the meta-analysis (for more information please see Table S10).

Study Country Insomnia
sample
size

Study design Recruitment setting Sample Insomnia
diagnosis
criteria

OSA criteria Oxygen
desaturation
for hypopnea

Prevalence of OSA
in insomnia

Wong et al., Singapore 106 Cross-sectional Hospital Consecutive patients; 58.5%
male; mean age

DSM-IV AHI�5 �4% 42.5%

2015 [83] (range): 44.8 (19e81); mean
BMI: 23.90; mean

AHI>15 �4% 29.2%

AHI:13.87 (sleep lab PSG)
Li et al., 2015 [84] China 860 Cross-sectional Hospital Consecutive patients; 47.6%

male; mean age (range): 43.0
(18e81); mean BMI: 22.99;
mean AHI: 6.58

DSM-IV AHI�5 (sleep lab PSG) �3% 30.2%

DSM-IV AHI�15 (sleep lab PSG) �3% 13.6%
Kline et al., 2014 [71] US 48 Baseline cross-

sectional data
of longitudinal
design

Community Recruited patients; 100%
female; mean age: 52.4; mean
BMI: 34.1

DSM-IV AHI�15 (home PSG) �3% 31.3%

Choi et al., 2016 [60] Korea 118 Cross-sectional Hospital Consecutive patients; 44.9%
male; unspecified age, BMI and
AHI

DSM-IV and
ICSD

AHI�5 (sleep lab PSG) �4% 41.5%

Hein et al., 2017 [82] Belgium 1311 Cross-sectional Hospital Recruited patients; 47.2% male;
mean age (range): 45.09 (>18);
mean BMI: 26.92

DSM-IV AHI�5 �3% 34.5%

AHI�15 (sleep lab PSG) �3% 13.9%
Kinugawa et al., 2012 [81] France 64 Cross-sectional Hospital Aged 60 and older among

consecutive patients; 37.5%
male; mean age: 72;
unspecified BMI and AHI

ICSD AHI�15 (sleep lab PSG) �3% 68.75%

AHI, Apnea-Hypopnea Index; BMI, Body Mass Index; DSM, Diagnostic and Statistical Manual for Mental disorders; ICSD, International Classification of Sleep Disorders; OSA, Obstructive Sleep Apnea; PSG, Polysomnography.
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Fig. 7. Forest plot of the overall prevalence of OSA in patients with insomnia. The results are shown as prevalence and 95% confidence interval (CI). AHI, apnea hypopnea index; ES,
effect size (prevalence rate).
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analysis was performed to explore the effects of oxygen desatura-
tion threshold and different AHI cutoffs (Table S17). However, the
limited data in the subgroups prevented definite conclusions, and
suggests that this question should be examined in future studies.

A subgroup analysis revealed that the different insomnia defi-
nitions (DSM/ICSD, ISI�15 or physician diagnosed) were a signifi-
cant source of heterogeneity in the overall pooled prevalence of
insomnia in OSA patients, indicating that different definitions of
insomnia diagnosis could impact assessments of the prevalence of
insomnia in OSA patients. The rating scales, such as ISI, were often
informant-based, patienteinformant association and informants'
expectation of normal behavior may have influenced insomnia di-
agnoses. Therefore, we used random effects modeling, which ac-
counts for random variations between studies by including both
within-study and between-study variance in the calculated effect
size [100], to analyze the regional prevalence of insomnia. We
found that the rate of insomnia in patients with OSA in theWestern
Pacific Region was relatively lower than in the Regions of Americas
(p < 0.001). Although random effects modeling was used, we
acknowledge that the lower prevalence of insomnia in OSA patients
in theWestern Pacific Regionmay be biased by different definitions
of insomnia. Furthermore, the fact that the limited studies in each
region could impact estimates of the regional differences in the
prevalence of insomnia in OSA indicates that the results should be
interpreted with caution.

The results of regional differences were mainly derived from the
analysis for insomnia symptoms, including DFA, DMS and EMA.
Indeed, the assessment of each insomnia symptom was based on
very similar questions across the included studies, only the query
mode of the sleep question varied across studies. The potential
effect of differences in “query mode” could not be analyzed in our
study, because the differences cannot be formulated as a categorical
or continuous variable of the type needed to perform a subgroup or
meta-regression analysis. There also are no published studies
indicating whether different query modes for a sleep question
could bias the rates of insomnia symptoms. Thus, we also used
random effects modeling to perform the analysis.

Limitations

The present study has limitations. First, although Egger's test
found no publication bias, it should be noted that the overall pooled
prevalence rates of insomnia/insomnia symptoms in OSA patients
or OSA in insomnia patients were mainly sourced from the Region
of the Americas, the European Region and the Western Pacific Re-
gion. This was due to the fact that so few studies have been con-
ducted in the African Region, the South-East Asia Region and the
Eastern Mediterranean Region. Furthermore, assessments of pub-
lication bias within each region were not performed because of
limited data. Thus, more studies in these regions are warranted.
Second, there were insufficient data to allow exploring the effects
of oxygen desaturation of hypopnea on the pooled prevalence
measures. Therefore, the results of the prevalence rates of insomnia
and/or insomnia symptoms with OSA may be biased and should be
verified in future studies. Third, the low number of included studies
that have documented the prevalence of insomnia in OSA and the
prevalence of OSA in insomnia to date resulted in a limited total
number of participants for review. Thus, more well-designed
studies with quality control and larger sample sizes are needed.
Fourth, none of our included studies provided control groupswhich
would have enabled comparisons of the prevalence of insomnia in
patients with and without OSA, and of the prevalence of OSA in
patients with and without insomnia. Such comparisons are needed
in order to place these prevalence data in the context of occur-
rences within the general population.

Conclusion

In conclusion, insomnia and insomnia symptoms are commonly
seen in patients with OSA, and DMS is the most common insomnia
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symptom in patients with OSA. Regional differences of the preva-
lence rates of insomnia, DFA, DMS and EMA in patients with OSA
were found, and these were lower in the Western Pacific Region
than in the European Region and the Region of the Americas. Co-
occurrence of OSA in patients with insomnia is also a common
condition, but there are insufficient current data to allow exploring
regional differences. The findings of this review therefore highlight
the need to undertake systematic and routine screening and
comprehensive assessment of co-occurring OSA and insomnia.
Practice points

1) Patients with obstructive sleep apnea may be vulnerable

to insomnia, and patients with insomnia may be

vulnerable to obstructive sleep apnea.

2) The rates of insomnia, difficulty falling asleep, difficulty

maintaining sleep and early morning awakening in the

Western Pacific Region were lower than in the European

Region and Region of the Americas for patients with

obstructive sleep apnea.

3) Difficulty maintaining sleep is the most common

insomnia symptom in patients with obstructive sleep

apnea.

4) Female patients with obstructive sleep apnea are more

likely to complain of difficulty falling asleep and early

morning awakening compared with male patients with

obstructive sleep apnea.

Research agenda

1) Investigate the prevalence of co-occurrence of obstruc-

tive sleep apnea and insomnia in the African Region, the

Eastern Mediterranean Region and South-East Asia

Region.

2) Investigate the contributions of sex, age and body mass

index on the regional differences of prevalence rates of

insomnia and insomnia symptoms with obstructive

sleep apnea.

3) Develop effective measures for treatment and manage-

ment to improve clinical outcomes and quality of life in

patients with obstructive sleep apnea and insomnia.

4) Explore the mechanisms that underlie the relationship

between obstructive sleep apnea and insomnia.

* The most important references are denoted by an asterisk.
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