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ABST R AC T  

Introduction: 

Insomnia and obstructive sleep apnoea (OSA) are the two most prevalent sleep disorders, and 

frequently co-occur (COMISA) in sleep clinic samples. However, few studies have 

investigated the prevalence or associations of COMISA in the general population. 

 

Methods: 

We used population-based online survey data from 2,044 Australian adults. The prevalence 

and associations of insomnia, OSA and COMISA were investigated according to symptom-

level, and disorder-level definitions. Insomnia was defined according to chronic difficulties 

initiating and/or maintaining sleep (DIMS; symptom-level), and ICSD-3 chronic insomnia 

disorder (disorder-level). OSA was defined according to self-reported frequent obstructive 

events, snoring or doctor-diagnosed OSA (symptom-level), and doctor-diagnosed OSA 

(disorder-level). COMISA was defined if both conditions were met (for symptom-level, and 

disorder-level threshold). Associations with other conditions, and general health were 

investigated with Poisson regression analyses. 

 

Results: 

Chronic insomnia occurred more frequently among participants with doctor-diagnosed OSA 

(22.3%), compared to those without (14.3%, p=0.010). Doctor-diagnosed OSA was more 

common among participants with chronic insomnia (10.2%) compared to those without 

(6.2%; p=0.010). DIMS also occurred more frequently among participants with OSA 

symptoms (66.6%), compared to those without (47.2%; p<0.001). Participants with 

symptom-level COMISA reported increased co-morbid conditions, and worse general health 
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compared to participants with symptoms of insomnia-alone, OSA-alone, or neither 

insomnia/OSA. 

 

Conclusions: 

COMISA at symptom and disorder level were common and associated with increased 

medical and psychiatric co-morbidity, as well as poor general health. More investigation is 

required to understand bi-directional associations underpinning the high co-morbidity, and 

improve diagnostic and treatment approaches for COMISA to reduce associated morbidity. 

 

Keywords: Chronic insomnia, obstructive sleep apnoea, OSA, COMISA, quality of life, 

epidemiology, co-morbidity.
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INTRODUCTION 

Insomnia and obstructive sleep apnoea (OSA) are the two most common sleep 

disorders, and both are associated with impaired daytime functioning, worse mental health, 

lower quality of life, and high healthcare utilisation [1-3]. Chronic insomnia is characterised 

by frequent difficulties initiating and/or maintaining sleep (DIMS) with associated daytime 

impairments, which persist for at least 3 months [2], and occurs in approximately 6-20% of 

the general population [4-6]. OSA is characterised by frequent episodes of brief narrowing or 

closure of the upper airway during sleep, resulting in reduced oxygen saturation, nocturnal 

arousals, and increased sympathetic activity [7]. Approximately 6-17% of the general 

population fulfil the diagnostic criteria for at least moderate OSA [8], with some studies 

reporting moderate OSA in up to 26% of females and 50% of males [9, 10]. 

 Insomnia and OSA commonly co-occur [11]. Sleep clinic studies suggest that 30-40% 

of patients presenting with insomnia symptoms also fulfil diagnostic criteria for OSA when 

assessed with overnight polysomnography, and 30-50% of patients with OSA also report 

clinically significant insomnia symptoms [11-14]. People with co-morbid insomnia and sleep 

apnoea (COMISA) experience greater impairments to sleep [15], daytime functioning [16-

18], and quality of life [19] compared to those with either insomnia-, or OSA-alone [11, 13]. 

While numerous studies have investigated COMISA in sleep clinic settings, few have 

investigated COMISA in the general population [20-23]. Defining the prevalence of 

COMISA in general population samples is challenging, due to variability in the definitions of 

both insomnia and OSA, and complexities associated with defining each disorder in the 

presence of the other due to shared/overlapping symptoms [11]. This has resulted in large 

variability in prevalence estimates of COMISA in the general population, which in turn may 

impact associations between COMISA and other health and medical conditions. 
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For example, Vozoris [24] reported that the prevalence of DIMS was higher among 

participants with physician-diagnosed OSA (43%), compared to those without OSA (30%), 

Sivertsen and colleagues [25] reported that insomnia disorder (reflecting DSM-IV criteria) 

was more prevalent (7.3%) among participants with probable OSA (self-reported frequent 

snoring and breathing cessation during sleep) compared to those without (4.9%), and 

Bjorvatn and colleagues [26] reported that the prevalence of insomnia symptoms (DIMS, or 

non-restorative sleep, and daytime impairments [27]) was higher among participants with 

probable OSA (57.6%; snoring, obstructive events, and daytime sleepiness), compared to 

those without (27.3%). The different operationalisations of insomnia and OSA in existing 

population data impact prevalence estimates for COMISA, and influence our ability to clearly 

understand the relationship between COMISA and other health outcomes. 

We aimed to investigate the prevalence of insomnia, OSA, and COMISA in a 

population-based sample of Australian adults according to two sets of criteria reflecting 1) 

inclusive symptom-level threshold, and 2) conservative disorder-level threshold. 

Furthermore, we aimed to compare co-morbid medical and psychiatric conditions, multi-

morbidity, and general health between individuals with no insomnia/OSA, insomnia-alone, 

OSA-alone, and COMISA, according to symptom-level and disorder-level criteria. 

 

METHODS 

This study used cross-sectional web-based survey data from a previously described 

sample of 2,044 adult participants from the Australian general population [5] (see 

Supplementary Materials for the Checklist for Reporting Results of Internet E-Surveys 

[CHERRIES]; Table S3). Participants were recruited between March and April 2019 for a 

survey commissioned by the Sleep Health Foundation (Australia). Data were collected using 

the Dynata platform (formerly Research Now and Survey Sampling International, Melbourne, 
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Australia). Randomisation methods and sampling strategies have been reported previously 

[28, 29]. Briefly, a three-stage randomisation process was used to minimise potential 

sampling bias, and ensure representativeness of age, sex, location, and socio-economic status 

according to Australian Bureau of Statistics (ABS) estimates. This study was approved by the 

University of Adelaide, Office of Research Ethics, Compliance and Integrity’s Human 

Research Ethics Committee (H-2018-214). 

 

Insomnia 

 Insomnia was defined according to 1) symptom-level threshold, and 2) disorder-level 

threshold. Symptom-level insomnia reflected chronic DIMS, according to self-reported; 

“Difficulties falling asleep”, “Waking a lot during the night”, and/or “Waking up too early 

and not able to get back to sleep” on at least “a few nights a week” for at least the past 3 

months.  

Disorder-level insomnia was defined according to International Classification of 

Sleep Disorders (3rd Ed) diagnostic criteria for chronic insomnia disorder [2]. These included 

chronic DIMS (above symptom-level criteria), and at least one self-reported associated 

chronic daytime functioning impairment, and self-reported adequate opportunity for sleep. 

Daytime impairments were assessed with the question “In the past month how often have you 

experienced these daytime feelings? Sleepiness that interfered with daily activities; Felt 

sleepy when sitting during the day or early evening; Fatigue or exhaustion; Irritable or 

moody; Reduced motivation or energy; Reduced concentration, attention or memory; 

Hyperactive, impulsive or aggressive; Had little interest/pleasure in doing things; or Felt 

down, depressed or hopeless”. Response options were: Rarely or never; A few days a month; 

A few days a week; or Every or almost every day. Daytime impairment was categorised as a 

response of at least “a few days a week” to any daytime symptom that was present for at least 
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three months. Adequate opportunity to sleep was assessed as a response of “all/most of the 

time” to the question “Does your current work schedule or typical weekday routine, including 

your duties at home, allow you to get enough sleep?”. 

 A sensitivity analysis was conducted in which participants reporting “Waking a lot 

during the night” as the isolated nocturnal complaint were removed from symptom-, and 

disorder-level insomnia and COMISA groups. It is possible that many individuals with OSA 

may experience repeated post-obstruction awakenings, and may report “Waking a lot during 

the night” in the absence of long awakenings, or a true insomnia complaint [11]. 

 

Obstructive sleep apnoea 

 OSA was also defined according to 1) symptom-level threshold, and 2) disorder-level 

threshold. Symptom-level OSA was defined as either self-reported symptoms or doctor-

diagnosed OSA, according to any combination of 1) “observed pauses in breathing during 

sleep or stopped breathing” at least a few nights a week in the past month, or 2) “observed 

pauses in breathing during sleep or stopped breathing” a few nights a month with “observed 

frequent or loud snoring” at least a few nights a week in the past month, or 3) doctor-

diagnosed OSA (below).  

Disorder-level OSA was defined as either 1) a positive response to the question “Have 

you been diagnosed with sleep apnoea with an overnight sleep study?”, or 2) a free-text 

response of “sleep apnoea” to the question “Have you ever been diagnosed with another sleep 

disorder?”. 

 

Co-morbid insomnia and sleep apnoea 

 COMISA was also defined according to 1) symptom-level, and 2) disorder-level 

threshold. Symptom-level COMISA was defined if a participant fulfilled symptom-level 
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criteria for both insomnia and OSA. Disorder-level COMISA was defined if a participant 

fulfilled disorder-level criteria for both insomnia and OSA. See Figure 1 for an illustration of 

groups with no insomnia/OSA, insomnia-alone, OSA-alone, and COMISA, according to 

symptom-level, and disorder-level criteria. 

 

Psychiatric and medical conditions 

 Participants were asked whether they had ever been told by a doctor that they had any 

of the following 15 conditions; heart disease; arthritis; diabetes; heartburn or reflux disease; 

depression / bipolar disorder; anxiety / panic disorder; post-traumatic stress disorder; asthma; 

other lung disease (e.g. COPD); high blood pressure; nasal obstruction / hay fever / rhinitis; 

prostate disease / bladder problems; cancer (other than local skin cancers); Parkinson’s 

disease; or gout.  

Co-morbid conditions were examined in three ways. First, frequency of all possible 

co-morbid conditions was compared between sleep-disorder/symptom groups (Range: 0 – 

15). Secondly, conditions were categorised into four condition-groups including; 

cardio/metabolic conditions (any of; heart disease, diabetes, or high blood pressure), mental 

health conditions (any of; depression / bipolar disorder, anxiety / panic disorder, or post-

traumatic stress disorder), airway conditions (any of; asthma, COPD, or nasal obstruction / 

hay fever / rhinitis), and musculoskeletal conditions (any of; arthritis, or gout), and the 

prevalence of each of these four condition-groups were compared between sleep 

disorder/symptom groups. Thirdly, ‘multi-morbidity’ was defined as participant reported 

conditions from at least two of the above four condition-groups.  
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Quality of life 

 A visual analogue scale from the EuroQol (EQ-5D-5L) was used to assess self-

reported current health status on a 100-point scale ranging from 0 (worst health today) to 100 

(best health today). The single-item self-rated health (SF-1) question was used to assess 

general health [30, 31]. Participants were asked “In general, would you say your health is?”, 

and were presented with a choice of six response options (Excellent, Very good, Good, Fair, 

Poor, Don’t know). Lower health status was defined as a response of “Fair” or “Poor”. 

 

Motor-vehicle accidents and near-miss events 

 Participants were asked “In the past year, how often have you had an accident or a 

near accident because you dozed off or were too tired while driving? Would you say…”, and 

were presented with a choice of seven response options (3 or more times a week; 1 to 2 times 

a week; 1 to 2 times a month; Less than once a month, Never, Refused, Don’t know). 

Responses of “3 or more times a week”, “1 to 2 times a week” and “1 to 2 times a month” 

were defined as high accident-risk. 

 

Data analysis 

 Data were analysed with SPSS (IBM, version 25). Two sets of analyses were 

performed to examine the prevalence and associations of COMISA according to symptom-

level, and disorder-level criteria. COMISA prevalence estimates were calculated with 

Pearson Chi2 (unadjusted) and Poisson regression analyses (unadjusted [uPR], and adjusted 

for age, gender and smoking [aPR]). Data are presented as proportions and prevalence ratios 

(�95% confidence intervals [CI]). Poisson regression analyses and one-way ANCOVAs were 

performed to investigate the effect of group on co-morbid conditions, self-rated health, and 

quality of life, before and after controlling for age, smoking, and Body Mass Index (BMI; 
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kg/m2; calculated according to self-reported height and weight). Current smoking was 

measured via self-reported smoking frequency (every day, some days, not at all). Alpha 

levels of <0.05 were considered statistically significant. Bonferroni corrections were used 

within models to account for multiple pairwise comparisons. 

 

RESULTS 

Demographic variables 

The proportion of participants characterised with no insomnia/OSA, insomnia-alone, 

OSA-alone, and COMISA, according to symptom-level, and disorder-level criteria are 

displayed in Figure 1. Differences in age, sex, and biomedical factors between participants 

with no insomnia/OSA, insomnia-alone, OSA-alone, and COMISA are displayed in Tables 1 

(symptom-level) and 2 (disorder-level).  

 

<Insert Figure 1 around here> 

 

<Insert Table 1 and 2 around here> 
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Figure 1. Prevalence of insomnia (green) and sleep apnoea (red) in the general population (n, 

% ), according to sym ptom -level (top), and disorder-level threshold (bottom ).  

C O M ISA  = co-m orbid insom nia and sleep apnoea, O SA  = obstructive sleep apnoea.
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Table 1. Participant characteristics between symptom-level groups (unadjusted). 

Symptom-level groups Available 
outcome data, 

n (%) 
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Table 2. Participant characteristics between disorder-level groups (unadjusted). 

Disorder-level groups  Available 
outcome data,  

n (%) 
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Prevalence of insomnia, OSA, and COMISA (symptoms-level, and disorder-level) 

Symptom-level COMISA (the combination of symptom-level insomnia and OSA) 

occurred in 225 participants (11.0% of all participants). A significantly higher proportion of 

participants with symptom-level OSA reported symptom-level insomnia (66.6%), compared 

to participants without symptom-level OSA (47.3%; χ
2 = 42.1, p < 0.001). After adjusting for 

age, gender and smoking, participants with symptom-level OSA had a 41.1% increased 

likelihood of symptom-level insomnia, compared to participants without symptom-level OSA 

(aPR = 1.41, 95%CI = 21.7, 63.6, p < 0.001). Conversely, a significantly higher proportion of 

participants with symptom-level insomnia reported symptom-level OSA (21.8%), compared 

to those who did report symptom-level insomnia (11.1%; χ2 = 42.1, p < 0.001). After 

adjusting for age, gender and smoking, participants with symptom-level insomnia had a 

96.0% increased likelihood of symptom-level OSA, compared to participants without 

symptom-level insomnia (aPR = 1.96, 95%CI = 56.4, 145.7, p < 0.001). 

Disorder-level COMISA (the combination of disorder-level insomnia and OSA) was 

observed in 31 participants (1.5% of all participants). A significantly higher proportion of 

participants with disorder-level OSA also had disorder-level insomnia (22.3%), compared to 

participants without disorder-level OSA (14.2%; χ
2 = 6.61, p = 0.010). After controlling for 

age, gender, smoking and diagnosed anxiety/panic disorder, participants with disorder-level 

OSA had a 55.6% increased likelihood of disorder-level insomnia, compared to those without 

disorder-level OSA (aPR = 1.56, 95%CI = 7.3, 125.7, p = 0.020). Conversely, a significantly 

higher proportion of participants with disorder-level insomnia had disorder-level OSA 

(10.2%), compared to participants without disorder-level insomnia (6.2%; χ2 = 6.61, p = 

0.010). After controlling for age, gender, smoking and diagnosed anxiety/panic disorder, 

participants with disorder-level insomnia had a 64.4% increased likelihood of disorder-level 
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OSA, compared to those without disorder-level insomnia (aPR = 1.64, 95%CI = 10.2, 145.3, 

p = 0.015). 

As OSA may result in brief post-obstruction awakenings from sleep that may be 

conflated with insomnia [11], a sensitivity analysis was conducted in which participants with 

isolated difficulties maintaining sleep were excluded from insomnia and COMISA groups 

(for symptom-level, and disorder-level analyses). In total, 183 participants with symptom-

level insomnia, and 54 participants with disorder-level insomnia had isolated difficulties 

maintaining sleep. After removing these participants from the insomnia and COMISA 

groups, the significant association between insomnia and OSA at both the symptom-level, 

and disorder-level remained. A significantly higher proportion of participants with symptom-

level OSA reported symptom-level insomnia (59.2%), compared to participants without 

symptom-level OSA (38.0%; χ2 = 52.2, p < 0.001). Alternatively, a significantly higher 

proportion of participants with disorder-level OSA met criteria for disorder-level insomnia 

(19.4%), compared to participants without disorder-level OSA (11.7%; χ2 = 7.3, p = 0.007).  

 

Co-morbid medical and mental health conditions between symptom-level groups 

 Rates of unadjusted co-morbid conditions were compared between symptom-level 

groups (Table 1). Figure 2 and Table S2 present adjusted prevalence ratios (aPR, ±95%CI) of 

co-morbidities and multi-morbidity in participants with symptoms of insomnia-alone, OSA-

alone, and COMISA, compared to those with no insomnia/OSA (reference), controlling for 

age, smoking and BMI. 

Participants with COMISA symptoms reported a greater number of co-morbid 

conditions (0-15), compared to participants with either insomnia-alone, OSA-alone, or no 

insomnia/OSA (all p ≤ 0.001). These differences remained after controlling for age, smoking 

and BMI (all p ≤ 0.013; Figure 2; Table S2).  
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The proportion of participants with cardio-metabolic, mental health, airway, and 

musculoskeletal conditions was subsequently compared between symptom-level groups 

(Table 1). Participants with COMISA symptoms were more likely to report cardio-metabolic 

conditions, compared to participants with insomnia-alone, and no insomnia/OSA (both p ≤ 

0.001), but not participants with OSA-alone. Participants with COMISA symptoms were 

more likely to report at least one mental health condition compared to participants with no 

insomnia/OSA (p < 0.001), but not participants with either insomnia-alone, or OSA-alone 

(Table 1). Participants with COMISA symptoms were more likely to report airway 

conditions, compared to participants with insomnia-alone, OSA-alone, and no insomnia/OSA 

(both p ≤ 0.019). Finally, participants with COMISA symptoms were more likely to report 

musculoskeletal conditions, compared to participants with no insomnia/OSA (p < 0.001), but 

not participants with insomnia-alone or OSA-alone. Each of these pairwise comparisons 

remained unchanged after controlling for age, smoking and BMI (Table S2). 

Finally, rates of multi-morbidity (conditions from at least two of the four condition-

groups) were compared between symptom-level groups. Participants with COMISA 

symptoms were more likely to report multi-morbidity compared to participants with no 

insomnia/OSA, or those with insomnia-alone (both p ≤ 0.001; Table 1), but not those with 

OSA-alone. This pattern of results remained unchanged after controlling for age, smoking 

and BMI (Table S2). 

 

Co-morbid medical and psychiatric conditions between disorder-level groups 

 Rates of unadjusted co-morbid conditions were compared between disorder-level 

groups (Table 2). Figure 2 and Table S2 present adjusted prevalence ratios (aPR, ±95%CI) of 

co-morbidities and multi-morbidity in participants with disorder-level insomnia-alone, OSA-
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alone, COMISA and no insomnia/OSA (reference), after controlling for age, smoking and 

BMI.  

Participants with COMISA reported a greater frequency of overall co-morbid 

conditions (0-15), compared to participants with either insomnia-alone, or no insomnia/OSA 

(both p < 0.001), but not OSA-alone (Table 2). These differences remained after controlling 

for age, smoking and BMI (Table S2).  

When comparing rates of cardio-metabolic, mental health, airway and 

musculoskeletal conditions between disorder-level groups (Table 2), there was a similar 

pattern of findings for each condition. Participants with COMISA disorder were more likely 

to report each of; cardio-metabolic, mental health, airway and musculoskeletal conditions, 

compared to participants with no insomnia/OSA (all p < 0.009), but not participants with 

insomnia-alone, or OSA-alone (Table 2). This pattern of results did not change after 

controlling for age, smoking and BMI (Table S2).  

Finally, rates of multi-morbidity (conditions from at least two groups) were compared 

between disorder-level groups. Participants with COMISA symptoms were more likely to 

report multi-morbidity compared to participants with insomnia-alone, and no insomnia/OSA 

(both p ≤ 0.002; Table 2), but not participants with OSA-alone. This pattern remained 

unchanged after controlling for age, smoking and BMI (Table S2). 

 

<Insert Figure 2 around here> 
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 Figure 2. Co-morbid conditions, and multi-morbidity adjusted prevalence ratios, between 

participants with no insomnia/OSA (reference), insomnia-alone, obstructive sleep apnoea 

(OSA) alone, and co-morbid insomnia and sleep apnoea (COMISA). Symptom-level (top), 

and disorder-level groups (bottom) are displayed. Results are displayed as adjusted 

prevalence ratios (±95%CI), controlling for age, smoking, and BMI. 
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Differences in quality of life between symptom-level groups 

Participants with symptom-level COMISA reported significantly lower overall health 

on the EuroQol visual analogue scale, compared to the other three symptom-level groups (all 

p ≤ 0.001; Table 1). After controlling for age, smoking and BMI, the COMISA group had 

significantly lower overall health scores than the no insomnia/OSA, and OSA-alone groups, 

but not compared to the group with insomnia-alone. The proportion of participants reporting 

“Fair” or “Poor” current health were also compared between symptom-level groups (Table 

1). Participants with COMISA were more likely to report low overall health compared to 

those with OSA-alone, or no insomnia/OSA (both p ≤ 0.002), but not participants with 

insomnia-alone. This pattern of results remained unchanged after controlling for age, 

smoking, and BMI.  

 

Differences in quality of life between disorder-level groups 

Participants with disorder-level COMISA reported significantly lower EuroQol scores 

(p < 0.001) and lower health status (SF-1 “Fair” or “Poor” health, p = 0.013) compared to 

those with no insomnia/OSA, but not when compared with participants with either disorder 

alone (Table 2). This pattern of results did not change after controlling for age, smoking and 

BMI.  

 

D I SC USSIO N 

The high co-morbidity of insomnia and OSA has been reported extensively in 

specialist sleep clinic samples, however few studies have investigated the incidence or 

characteristics of co-morbid insomnia and sleep apnoea (COMISA) in population-based 

samples [11]. We demonstrate that insomnia and OSA co-occur more commonly than would 

be expected if they were independent of each other, when defined according to both inclusive 
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symptom-level criteria, and more conservative disorder-level criteria. Furthermore, 

individuals with symptoms of COMISA report a higher rate of co-morbid conditions 

compared to participants with symptoms of insomnia-alone, OSA-alone, or no insomnia/OSA 

symptoms. 

The high co-occurrence of insomnia and OSA may indicate underlying bi-directional 

relationships between the two disorders [32], or shared risk factors which potentially increase 

the frequency of their co-occurrence [11]. For example, individuals with OSA may be 

predisposed to develop insomnia through respiratory events during sleep causing frequent 

nocturnal arousals and sleep fragmentation [33], and/or underestimation of sleep occurring 

between discrete post-obstruction awakenings [23, 34]. Insomnia may also exacerbate OSA 

through underlying cognitive and physiological ‘hyper-arousal’ mechanisms interacting with 

the respiratory arousal threshold [32, 35, 36], or increased time spent in light/unstable sleep 

which may increase vulnerability to airway collapse [37]. 

Among studies investigating COMISA in the general population, there is large 

variability in reported prevalence estimates due to the different criteria that have been used to 

define each disorder [23, 25], and the denominator which is used (e.g. the prevalence of 

COMISA among those with insomnia, among those with OSA [24], or in the general 

population [21, 25]). When examining the prevalence of COMISA in the whole sample, we 

observed that 11% of participants had symptom-level COMISA, and 1.5% had disorder-level 

COMISA. The low prevalence of disorder-level COMISA in this study is similar to previous 

studies including Sivertsen and colleagues [25] who reported that 0.6% of participants had 

DMS-IV defined insomnia and self/partner-reported OSA symptoms, Vozoris [24] who 

observed that 1.9% of all participants met criteria for DIMS and doctor-diagnosed OSA, 

Bjorvatn and colleagues [26] who observed that 3.5% met DSM-V insomnia criteria and self-

reported OSA symptoms. However, Lang and colleagues [21] observed that a higher 
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prevalence of 6.7% of Australian men met COMISA criteria when polysomnography was 

used to define OSA.  

Previous literature suggests that insomnia symptoms are more common among 

females and OSA is more common among males [25, 38]. Indeed, according to symptom-

level criteria, we observed that more females had insomnia-alone and more males had OSA-

alone (Table 1). Similar to previous population-based COMISA studies, we observed a more 

even distribution of males and females among participants with symptom-level COMISA, 

potentially reflecting shared risk factors for the occurrence of both conditions (60% male, 

40% female; Table 1) [20, 25]. According to disorder-level criteria, there was a similar 

distribution of males and females with chronic insomnia disorder (54% male), however more 

males were included in the groups with OSA-alone, and COMISA (74% and 71%, 

respectively). This gender difference likely resulted from females being less likely than males 

to receive diagnosis and treatment for OSA [38]. 

Previous studies conducted in sleep clinics have reported that COMISA is associated 

with greater impairment of sleep, daytime functioning, and quality of life, compared to those 

with either insomnia-, or OSA-alone [11, 13, 15]. The present study also suggests that 

symptoms of COMISA in the general population are also associated with lower overall health 

compared to those with symptoms of OSA-alone, or neither insomnia/OSA. Although 

insomnia and OSA may have an additive effect on reducing overall health among people with 

COMISA symptoms, it is also possible that pre-existing health conditions may result in lower 

overall health and increased risk of COMISA symptoms among these participants. Disorder-

level insomnia, OSA and COMISA were each associated with lower overall health compared 

to participants with no insomnia/OSA disorder. The lack of statistically significant 

differences in overall health between disorder-level insomnia, OSA, and COMISA may 

reflect similar effect sizes of sleep conditions on overall health when defined according to 
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conservative criteria, or the small number of participants with COMISA-disorder limiting 

power to detect a significant effect at the disorder-level. 

Rates of motor-vehicle accidents and near-miss events were related to the 

presence/absence of OSA. For example, almost one third of participants with symptom-level 

OSA-alone, and 19% of participants with COMISA symptoms reported at least one motor-

vehicle accident or near-miss accident per month, over the past year (i.e. at least 12 events 

over the past year). Participants with symptom-level OSA and COMISA were more likely to 

report motor-vehicle accidents/near-miss events, compared to participants with neither 

insomnia/OSA, or those with insomnia-alone. These data highlight the importance of 

identifying individuals with suspected OSA/COMISA in the community who are most 

vulnerable to alertness failure and risk of motor-vehicle accidents [39]. 

Previous population-based studies have also reported significant associations between 

COMISA and hypertension [20], depression [21], and sickness absence [25] compared to 

either insomnia-alone, or OSA-alone. At the symptom-level, individuals with COMISA 

reported a greater average number of overall co-morbid conditions compared to those with 

symptoms of insomnia-alone, OSA-alone, or no insomnia/OSA. However, at the disorder-

level, COMISA was associated with a greater number of co-morbid conditions compared to 

individuals with neither insomnia/OSA, but not compared to insomnia-alone or OSA-alone.  

The cross-sectional nature of this study precludes any interpretation of cause-and-

effect between sleep disorders, quality of life, and these co-morbid conditions. Indeed, it is 

possible that a greater number of co-morbidities may increase risk of developing insomnia 

(through interrupted sleep, poor sleep hygiene, or extended time awake in bed), OSA 

(through changes in diet and exercise resulting in overweight or obesity), or COMISA 

(additive, or synergistic effects of both disorders). Additionally, previous research suggests 

that sleep disorders may also exacerbate specific co-morbid mental health symptoms and 
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reduce quality of life [40-42]. Finally, prevalence of multi-morbidity was higher in those with 

COMISA symptoms compared to participants with insomnia-alone or neither insomnia/OSA, 

but OSA-alone. This supports recent research investigating the effect of OSA with 

concomitant hypoxemia increasing risk of cardiometabolic conditions [43] and other 

longitudinal data suggesting increased risk of depression/mental health problems among 

those with OSA [44]. 

The co-morbidity of insomnia and OSA in this population-based sample suggests that 

COMISA is not an epiphenomenon of sleep clinic samples. Therefore, it is important to 

educate community and primary healthcare providers on the high co-occurrence and 

associated morbidity of insomnia and OSA. This education may include information about 

simple assessment tools, advice to screen for each disorder in the presence of the other [45, 

46], and treatment and referral pathways for COMISA that are based on available clinical 

evidence [13]. 

 

Limitations and future research 

This study should be interpreted in light of several limitations. Firstly, this was a web-

based survey which did not include any overnight polysomnography studies to confirm a 

diagnosis of OSA, or standardised questionnaires to indicate ‘high risk’ OSA. Due to the high 

cost of overnight polysomnography, several studies have used similar questionnaire-based 

measures of ‘probable’ OSA (e.g. according to frequent breathing cessation and/or snoring 

[25, 26]), and participant-reported doctor-diagnosed OSA [22, 24]. Given the high rate of 

undiagnosed OSA in the general population, it is possible that some individuals were mis-

categorised with no OSA (and no COMISA) in the disorder-level analyses [9, 21]. It is also 

possible that some co-morbidities (e.g. COPD, nasal obstruction) associated with perceived 

nasal obstruction and/or snoring, may have resulted in some participants being mis-classified 
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as OSA-positive at the symptom-level. Therefore, future studies should explore the co-

occurrence of insomnia and OSA in existing cohort data with overnight polysomnography 

data [47], standardised questionnaire measures of probable OSA (e.g. the OSA50 [46]), or 

use simple under-the-mattress, or non-invasive and inexpensive diagnostic equipment to 

investigate the independent and joint contribution of insomnia and OSA on quality of life, 

cardiovascular disease, and other co-morbid conditions. 

The cross-sectional study design precludes interpretation of cause-and-effect in this 

study. Therefore, future research should investigate insomnia, OSA, and COMISA in 

longitudinal population-based data to investigate temporal associations between the onset, 

development and exacerbation of insomnia, OSA, and COMISA in the general population. 

This may improve understanding of development of COMISA from a lifespan perspective, 

bi-directional relationships between COMISA, and associations with other 

medical/psychiatric conditions. Future treatment research in COMISA should also include 

measures of associated co-morbidities (e.g. depression), and overall health before and after 

treatment of the insomnia and OSA to inform causal pathways. 

Finally, attribution of shared symptoms of insomnia and OSA can complicate the 

measurement and diagnosis of COMISA [11]. In the current study, difficulties maintaining 

sleep were assessed with the item “Waking a lot during the night”, which may reflect either 

insomnia (prolonged awakenings during the night), or OSA (multiple brief post-obstruction 

arousals or awakenings). We conducted a sensitivity analysis in which participants reporting 

difficulties maintaining sleep as the isolated insomnia complaint were removed from 

‘insomnia’ groups, which resulted in a similar pattern of prevalence estimates for symptom-

level (COMISA prevalence reduced from 11% to 9.8%) and disorder-level analyses 

(COMISA prevalence reduced from 1.5% to 1.3%). Future research should assess difficulties 

maintaining sleep according to both frequent nocturnal awakenings and prolonged nocturnal 
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awakenings (e.g. at least 45 minutes awake after initial sleep onset) to determine the 

contribution of this ‘shared symptom’ effect on COMISA prevalence estimates. 

 

Conclusions 

 Co-morbid insomnia and sleep apnoea (COMISA) is a highly prevalent and 

debilitating disorder. Although a large number of studies have investigated the prevalence 

and associations of COMISA in samples of patients referred to specialist sleep clinics, few 

studies have investigated COMISA in the general population. This study found that in a large 

population-based sample, insomnia occurs more commonly among individuals with OSA 

compared to those without, and that OSA occurs more frequently among those with insomnia 

compared to those without. Furthermore, COMISA is associated with high rates of medical 

and psychiatric co-morbidities, multi-morbidity, and reduced general health. Hence, the high 

prevalence and associated morbidity of COMISA is not an epiphenomenon of sleep clinic 

samples but is also observed in the general population.
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Figure 1. Prevalence of insomnia (green) and sleep apnoea (red) in the general population (n, 

%), according to symptom-level (top), and disorder-level threshold (bottom). 

COMISA = co-morbid insomnia and sleep apnoea, OSA = obstructive sleep apnoea. 
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 Figure 2. Co-morbid conditions, and multi-morbidity adjusted prevalence ratios, between 

participants with no insomnia/OSA (reference), insomnia-alone, obstructive sleep apnoea 

(OSA) alone, and co-morbid insomnia and sleep apnoea (COMISA). Symptom-level (top), 

and disorder-level groups (bottom) are displayed. Results are displayed as adjusted 

prevalence ratios (±95%CI), controlling for age, smoking, and BMI. 
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HILIGHTS 

• The prevalence and associations of insomnia, sleep apnoea and co-morbid insomnia 

and sleep apnoea (COMISA) were investigated in a large population-based sample. 

• Insomnia occurs more frequently among individuals with sleep apnoea, compared to 

those without. 

• Sleep apnoea occurs more frequently among those with insomnia, compared to those 

without. 

• Symptoms of co-morbid insomnia and sleep apnoea are associated with high rates of 

medical and psychiatric co-morbidity and reduced general health. 
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