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Study Objectives: To investigate whether sleep perception (SP), defined by the ratio of subjective and objective total sleep time, and habitual sleep time in 
various sleep disorders may be based on comorbid insomnia status.
Methods: We enrolled 420 patients (age 20–79 y) who underwent polysomnography (PSG). They were divided into three groups based on chief complaints: 
chronic insomnia (CI, n = 69), patients with both obstructive sleep apnea and insomnia (OSA-I, n = 49) or OSA only (OSA, n = 149). Healthy volunteers were 
also recruited (normal controls [NC], n = 80). We compared differences in PSG parameters and habitual sleep duration and investigated the discrepancy 
between objective and subjective total sleep time (TST) and sleep latency among four groups. Subjective TST was defined as sleep time perceived by 
participants the next morning of PSG.
Results: SP for TST was highest in the OSA group (median 92.9%), and lowest in the CI group (80.3%). SP of the NC group (91.4%) was higher than the CI, 
but there was no difference between OSA-I and OSA groups. OSA-I had higher depressive mood compared to the OSA group (p < 0.001). SP was positively 
associated with the presence of OSA and habitual sleep duration and negatively related to the presence of insomnia and arousal index of PSG. Insomnia 
patients with (OSA-I) or without OSA (CI) reported the smallest discrepancy between habitual sleep duration and objective TST.
Conclusions: Patients with OSA with or without insomnia have different PSG profiles, which suggests that objective measures of sleep are an important 
consideration for differentiating subtypes of insomnia and tailoring proper treatment.
Commentary: A commentary on this articles appears in this issue on page 1437.
Keywords: chronic insomnia, obstructive sleep apnea, sleep perception
Citation: Choi SJ, Suh S, Ong J, Joo EY. Sleep misperception in chronic insomnia patients with obstructive sleep apnea syndrome: implications for clinical 
assessment. J Clin Sleep Med 2016;12 (11):1517–1525.

INTRODUCTION

Insomnia is a chronic condition characterized by difficulty ini-
tiating sleep and/or maintaining sleep that causes significant 
distress or impairment in daily functioning. It is an established 
finding that insomnia patients have difficulty recognizing sleep 
state, with the tendency to overestimate their wake time and 
underestimate their sleep time.1,2 Research using polysomnog-
raphy (PSG) in insomnia patients have revealed that there is 
a remarkable discrepancy between the subjective experience 
of insomnia and objective sleep measured with PSG.3,4 Sleep 
misperception has been associated with several negative psy-
chological dimensions, and longer periods of wakefulness fol-
lowing sleep onset, greater self-perceived sleep impairment.5 
Sleep misperception in insomnia patients is problematic be-
cause it makes the patient believe that he or she is getting insuffi-
cient sleep, which subsequently leads to heightened anxiety and 
worry about sleep. Increased anxiety toward sleep further hin-
ders propensity to sleep, and a vicious cycle occurs where sleep 
misperception ends up exacerbating insomnia symptoms.1,6,7

However, although previous studies have noted that using 
PSG in insomnia patients can help differentiate physiologically 
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based sleep disturbances from sleep state misperception, the 
American Academy of Sleep Medicine standard of practice 
does not recommend PSG for the routine evaluation of insom-
nia.8,9 Insomnia is a clinical diagnosis that does not require a 
laboratory PSG unless there is a suspicion of another disorder. 
This may have negative implications for treatment, as recent 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Although sleep perception 
may vary in patients with insomnia and obstructive sleep apnea 
(OSA), it is unknown how sleep perception changes when patients 
have both comorbid conditions. The objective of this study was to 
investigate differences in sleep perception and self-reported habitual 
sleep duration in four groups—patients with insomnia, obstructive 
sleep apnea (OSA), patients with both insomnia and OSA, and those 
without diagnosed OSA or insomnia.
Study Impact: Patients with insomnia, regardless of OSA status, 
have lower sleep perception and showed smaller discrepancy 
between objective sleep time and habitual sleep duration compared 
to patients with OSA or good sleepers. This suggests that sleep 
studies may be necessary in patients with insomnia for tailoring 
proper treatment based on insomnia subtype.
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studies recognize that insomnia is highly comorbid with other 
disorders.10,11 This has been reflected in the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition, which 
changed its diagnostic guidelines to “insomnia disorder” in-
stead of using the previous term, “secondary insomnia.” One 
of the important implications of this change is investigating 
insomnia in the presence of other sleep disorders, especially 
obstructive sleep apnea (OSA). Previous studies examining 
the comorbidity of OSA and insomnia have reported 22% to 
67% co-occurrence of the two sleep disorders.10,12 Although 
insomnia is comorbid with OSA, the mechanisms of sleep per-
ception by the patient with multiple sleep disorders are largely 
unknown. In contrast to insomnia patients, studies suggest that 
patients with OSA have intact sleep perception compared to 
insomnia patients, even if they sleep less.2 One study reported 
that decreased oxyhemoglobin saturation and microarousals 
in the occurrence of respiratory events do not seem to inter-
fere with sleep perception.2 Only a few studies have investi-
gated sleep perception in the presence of both insomnia and 
OSA,2,13,14 and the underpinning mechanisms of sleep percep-
tion are still largely unknown. Another important reason to 
consider using PSG with insomnia patients is to elucidate vari-
ous subtypes of insomnia. Studies by Fernandez-Mendoza et 
al.15 and Vgontzas and colleagues16 have found that using PSG 
can identify insomnia patients with objective short-sleep phe-
notypes, which has been shown to be associated with greater 
cardiovascular consequences and also more strongly associ-
ated with sleep misperception compared to other insomnia 
phenotypes.

Additionally, when administering PSG to sleep disorder 
patients, there are alterations in sleep architecture that depart 
from typical night’s sleep, mainly due to discomfort in the pro-
cedure and potential psychological scrutiny of being watched 
while sleeping.17 This phenomenon is of significant importance 
to sleep-related breathing disorders such as OSA, which is fre-
quently described as a limitation of PSG.17 OSA patients dis-
play less total sleep time (TST) and altered sleep architecture 
the first night of receiving PSG when compared to subsequent 
nights, and is often different from typical sleep.17–19 In contrast, 
patients with insomnia tend to display a ‘paradoxical’ effect, 
where they tend to sleep better the first night when receiving 
PSG compared to their typical sleep.20 However, little is known 
about how habitual sleep duration differs from PSG total sleep 
duration when insomnia is comorbid with OSA.

The aim of this study was to investigate differences in sleep 
perception in four groups: Individuals with chronic insomnia 
(CI), combined insomnia with OSA (OSA-I), OSA only (OSA), 
and normal controls (NC). The second aim was to compare 
the discrepancy of TST from PSG and TST from self-reported 
habitual sleep duration in these four groups. Additionally, we 
also investigated clinical correlates of sleep perception.

METHODS

Subjects
Patients who had OSA and insomnia were included retrospec-
tively. Data were collected at a sleep center of a university 

hospital from the patients who visited between December 
2008 and September 2009. Healthy volunteers were recruited 
prospectively in the local community by the advertisements 
for NC from September 2010 to April 2011. All patients and 
healthy volunteers underwent overnight PSG and were in-
structed to complete self-report questionnaires before and after 
the sleep study.

Exclusion criteria for both patients and healthy volunteers 
were as follows: (1) younger than 20 y, (2) non-Korean speak-
ing foreigners, (3) serious medical, mental or neurological 
conditions, (4) any sleep disorders such as restless legs syn-
drome (RLS), periodic limb movement disorder (PLMD) con-
firmed by PSG (movement arousal index > 5 events/h or total 
PLM index ≥ 15 events/h), narcolepsy, or rapid eye movement 
(REM) sleep behavior disorder, (5) shift workers, or (6) sub-
jects with a split-night PSG or insufficient data of the self-re-
ported questionnaires.

Participants were divided into four groups. The first group 
consisted of patients with chronic insomnia without OSA 
(apnea-hypopnea index, AHI < 5 events/h) (CI). Insomnia 
diagnosis was based on Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition21 and International Classifi-
cation of Sleep Disorders, Second Edition criteria.22 Insomnia 
symptoms which were associated with other medical or men-
tal disorders were also excluded. The second group consisted 
of patients who had OSA (AHI ≥ 5 events/h) and presented 
with complaints of insomnia-related symptoms (OSA-I). Par-
ticipants with an AHI < 5 events/h or who had an insomnia 
complaint less than 6 mo were excluded. The third group con-
sisted of OSA patients without insomnia (OSA). The fourth 
group was healthy volunteers for NC who did not present with 
complaints of sleep-related symptoms with AHI < 5 events/h, 
did not take medications or any other substances that inter-
fered with their sleep, and had no reported neurological dis-
eases or mental disorders. Among 819 participants, 511 were 
excluded due to the following factors: age younger than 20 
y (n = 45), being a non-Korean foreigner (n = 133), having a 
diagnosis of a serious neurological condition (n = 11), a split 
night with continuous positive airway pressure (n = 86), other 
sleep disorders [PLMD/RLS (n = 131), REM behavior disor-
der (n = 11), or narcolepsy (n = 17)], or incomplete or missing 
data (n = 77). Patients who had AHI < 5 events/h (n = 41) were 
excluded from the OSA or OSA-I groups. Among 102 NC, 17 
people who had OSA (AHI ≥ 5 events/h) or PLMD were ex-
cluded. A total of 360 subjects (CI, n = 69; OSA-I, n = 49; 
OSA, n = 149; NC, n = 80) were included in the study for final 
analyses (Figure 1).

Self-Report Questionnaires
Subjects were asked to respond to the following self-report 
questionnaires prior to undergoing PSG.

Daytime Sleepiness
The effect of subjective daytime sleepiness was measured 
using the Epworth Sleepiness Scale (ESS).23 The ESS 
consists of eight items, and each item was measured on a 
0 (no napping) to 3 (high chance for napping) scale, with 
total scores ranging from 0 to 24. Subjects with an ESS 
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score ≥ 10 were considered as having clinically significant 
daytime sleepiness.

Depression
Depressive symptoms were measured using the Beck Depres-
sion Inventory (BDI), which is a 21-item self-report question-
naire measuring severity of depressive symptoms over the past 
2 weeks.24 Each item is rated on a Likert scale of 0 (absence 
of symptom) to 3 (most severe level). Total scores range from 
0 to 63 with a higher score reflecting more depressive mood. 
The cutoff value reflecting clinical levels of depression in the 
Korean version of BDI is 16.25

Habitual Sleep Duration
Participants were asked about how much time they slept on 
average on weekdays and weekends during their PSG visit.

Polysomnography
PSG sleep studies were recorded during 1 night of observation 
with standard electrodes and sensors by using Embla N7000 
(Medcare Flaga, Iceland). Electroencephalography electrodes 
were applied at C3-A2, C4-A1, F3-A2, F4-A1, O3-A2, and 
O2-A1, and four electrooculography electrodes were applied 
at both lateral sides, superior and inferior of the eyes, to re-
cord horizontal and vertical eye movements. Chin and both 
anterior tibialis electromyogram, and electrocardiography sen-
sors were applied. Two plethysmography belts were used to 
monitor thoracic and abdominal movements. Nasal and oral 
airflow was measured with a nasal pressure transducer and a 
thermistor. Oxygen saturation was measured by pulse oxim-
etry via index finger. Synchronized video monitoring was used 
to monitor abnormal sleep breathing or movements. We col-
lected data from PSG as sleep parameters (TST, sleep latency, 

waking after sleep onset, sleep efficiency), sleep stage (N1, N2, 
N3, REM sleep, %), and AHI. Apnea was defined as the com-
plete cession of airflow for at least 10 seconds, whereas hypop-
nea was defined as a moderate reduction in airflow (> 30%) for 
at least 10 sec with oxygen desaturation (≥ 4%) or arousal.26

While performing the PSG, we attempted to modify “lights 
out” to match the patient’s habitual sleep period as closely as 
possible, when feasible. All participants were discouraged 
from having a “lights out” time that largely deviated from their 
habitual sleep time.

Sleep Perception
After completion of overnight PSG, subjects were asked to 
fill out a questionnaire about their perceived sleep (subjec-
tive TST and sleep latency) the next morning. Sleep percep-
tion was defined as the percentage of the ratio between the 
perceived TST by subject and the TST measured by PSG: 
(Subjective TST / Objective TST) * 100.2

Statistical Analysis
The current study used statistical package R (Institute for 
Statistics and Mathematics, Vienna, Austria, version 2.15.0, 
www.R-porject.org) and the Statistical Package for Social Sci-
ence, SPSS for Windows (version 18.0, SPSS, Chicago, IL) 
for all analyses, and statistical significance level was set at 
p < 0.05. To test normality assumptions, the Shapiro-Wilks 
test was used. All continuous variables were analyzed using 
non-parametric Kruskal-Wallis tests, and categorical variables 
were analyzed using chi-square tests or Fisher exact test. Post 
hoc analyses were conducted using the Tukey test.

Multiple linear regression analysis was performed to deter-
mine the relationships between sleep perception and various 
factors such as the presence of insomnia or OSA, habitual sleep 

Figure 1—Study enrollment flow.

AHI, apnea-hypopnea index; CI, chronic insomnia; ICSD, International Classification of Sleep Disorders; NC, normal controls; OSA, obstructive sleep 
apnea; PLMI, periodic limb movement index; PSG, polysomnography.
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duration, TST and arousal index based on PSG, and depressive 
mood in patients controlling for age and sex. Because the distri-
bution of PSG-arousal index was highly skewed, logarithmically 
transformed values of PSG-arousal index (log AI) was used in 
the analysis. After log transformation, the distribution of the re-
siduals from the fitted models became normally distributed.

RESULTS

Subject Characteristics
Demographic characteristics of the subjects are summarized 
in Table 1. Patients in the CI, OSA-I, and OSA groups were 
older than the NC group. Among patients, mean age was higher 
in the CI and the OSA-I groups compared to the OSA group 
(p < 0.001). There was a higher percentage of males in the OSA 
group, and education level was significantly lower in the CI 
and the OSA-I groups compared to others (both p ≤ 0.005). 
Body mass index was also significantly higher in the OSA 
group (p < 0.001). There were also significant differences in 
depression and excessive daytime sleepiness among groups. 
Patients with insomnia were significantly more depressed re-
gardless of OSA status (median 10 in CI and OSA-I groups, 

respectively) than the OSA and NC groups (median 5, respec-
tively; p < 0.001). The OSA and NC groups reported the higher 
level of daytime sleepiness than CI and OSA-I (p < 0.05). There 
was no association between sleep stages and sleep perception 
in the sample (ps > 0.54).

Differences in Sleep and Sleep Perception among 
Groups
All sleep parameters obtained from PSG were different among 
groups and were consistent with the characteristics of each 
sleep disorder (Table 2). The range of PSG “lights out” was 
20:50–01:00, and “lights on” ranged between 03:39–09:27.

As expected, patients with insomnia (the CI and the OSA-I 
groups) had decreased TST, prolonged sleep latency, increased 
wake after sleep onset, and decreased sleep efficiency com-
pared to the OSA and the NC groups. Sleep architecture was 
fragmented (increased N1 and N2 sleep and decreased N3 
sleep), whereas REM sleep was preserved in patient groups. 
The OSA group had the highest AHI, arousal index, and sleep 
efficiency (85.3%) compared to the other patient groups. The 
OSA-I group had significantly higher AHI compared to the 
CI group (median 9.3 events/h vs. 0.6 events/h, respectively) 
and arousal index (median 23.5 events/h vs. 17.4 events/h, 

Table 1—Demographic characteristics of the four groups (n = 347).
CI (a)

(n = 69)
OSA-I (b)
(n = 49)

OSA (c)
(n = 149)

NC (d)
(n = 80) p Post hoc

Age 52 (43.5–59) 61 (50.5–66) 49 (39.5–54.5) 32 (26.5–45) < 0.001 b > a,c > d
Male (%) 25 (36.2) 28 (57.1) 135 (90.6) 38 (47.5) < 0.001 –
Education 12 (12–16) 12 (8.5–15.5) 16 (15–17) 16 (14–18) < 0.001 a,b < c,d
Married (%) 56 (81.2) 44 (89.8) 132 (88.6) 43 (53.8) < 0.001 –
BMI, kg/m2 23 (20.8–25.1) 23.3 (21.5–25.1) 25.5 (23.6–28.3) 22 (20.0–24.1) < 0.001 a,b,d < c
BDI 10 (6–15) 10 (6–21) 5 (3–9) 5 (2.3–9) < 0.001 a,b > c,d
ESS 6 (2–8) 6 (2–9) 9 (5.5–13) 8 (5–11) < 0.001 a,b < c,d

Values presented as median (interquartile range) or number (%). CI, chronic insomnia; BDI, Beck Depression Inventory; BMI, body mass index; ESS, Epworth 
Sleepiness Scale; NC, normal control; OSA-I, insomnia with OSA; OSA, obstructive sleep apnea. 

Table 2—Polysomnography sleep parameters of the four groups (n = 347).
CI (a)

(n = 69)
OSA-I (b)
(n = 49)

OSA (c)
(n = 149)

NC (d)
(n = 80) p Post hoc

TST, min 339.0 (287.3–380.5) 331.5 (253.3–378) 375.0 (332.5–406.3) 391.3 (363.6–419.9) < 0.001 a,b < c,d
SOL, min 12.6 (6–22.3) 15.5 (6.5–41.3) 5 (2.9–10) 7.3 (4.5–13.8) < 0.001 a,b > c,d
WASO, % 18 (9.4–26.8) 18 (9.4–28.1) 11.8 (7.7–15.4) 7.4 (4.1–11.8) < 0.001 a,b > c > d
SE, % 77.8 (68.6–85.8) 78.2 (63.8–87.0) 86.9 (82.4–91.5) 90.7 (85.7–94.0) < 0.001 a,b < c < d
N1% 15.2 (9.8–20.5) 17.9 (11.9–24.4) 23.3 (16.8–32.6) 9.5 (6.8–14.2) < 0.001 d < a,b < c
N2% 57.6 (51.6–68.7) 57.4 (50.5–66.8) 50.5 (43.8–58.5) 54.8 (49.8–59.4) < 0.001 a,b > c,d > c
N3% 3.1 (0–8.9) 1.9 (0–5.5) 1.8 (0.1–8.0) 11.6 (5.7–17.4) < 0.001 a,b,c < d
REM% 17.7 (12.7–22.6) 18.5 (12.8–21.6) 19.1 (14.9–22.8) 22.1 (19.2–25.3) < 0.001 a,b,c < d
AHI, events/h 0.6 (0.2–1.9) 9.3 (6.8–15.8) 21.0 (11.8–37.3) 0.7 (0.1–1.6) < 0.001 a,d < b < c
Arousal index, events/h 17.4 (11.0–21.9) 23.5 (15.7–29.3) 28.1 (19.7–39.8) 10.9 (9.2–14.9) < 0.001 d < a < b < c
Respiratory arousal, events/h 1.8 (0.4–5.9) 9.7 (5.9–19.5) 22.8 (13.5–34.1) 0.9 (0.1–3.5) < 0.001 d < a < b < c
Spontaneous arousal, events/h 10.1 (5.4–15.8) 7.5 (3.4–11.1) 2.3 (0.6–6.1) 8.0 (5.5–11.0) < 0.001 a,b,d > c

AHI, apnea-hypopnea index; CI, chronic insomnia; NC, normal control; OSA-I, insomnia with OSA; OSA, obstructive sleep apnea; REM, rapid eye 
movement; SE, sleep efficiency; SOL, sleep onset latency; TST, total sleep time; WASO, wakefulness after sleep onset.
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respectively). Interestingly, sleep efficiency in the OSA-I group 
compared to the CI group (median 78.2% vs. 77.8%, respec-
tively) and wake after sleep onset (median 18.0, respectively) 
were not different between patient groups with insomnia.

Median sleep perception for TST was lowest in the CI 
(80.3%) and highest in the OSA (92.9%) group (Figure 2). 
Post hoc analyses of sleep perception for TST revealed that 
there was a significant difference between the CI and the OSA 
groups (p < 0.001), and CI and NC groups (p = 0.004), but not 
between the CI and the OSA-I groups (p = 0.304).

Discrepancy of subjective and objective sleep latency and 
TST is demonstrated in Figure 3. In all groups, sleep latency 
was overestimated and TST was underestimated. Post hoc 
analyses using Tukey methods indicated that sleep latency of 
patients with insomnia (the CI and the OSA-I groups) were sig-
nificantly different from the NC group (p < 0.001, respectively), 
and TST of the OSA group (p < 0.001).

Discrepancy of Habitual Sleep Duration and Objective 
TST Based on PSG
Among all four groups, the CI and OSA-I groups reported a 
smaller amount of total habitual sleep duration than the OSA 
and NC groups (p < 0.001) (Table 3). A difference score was 
calculated between habitual sleep duration during weekdays 
and TST measured by PSG (Table 3) because sleep studies 
were usually performed on weekdays. However, there was no 
significant difference between groups.

Association Between Sleep Perception and Clinical 
Variables
Multivariate linear regression analysis after adjusting for age 
and sex revealed that sleep perception was positively related 
to presence of OSA (B = 8.757, p = 0.028) (Table 4). Other 

clinical variables (depressive mood, presence of insomnia, 
weighted habitual sleep duration, PSG-based arousal index) 
were not associated with sleep perception.

DISCUSSION

The current study investigated sleep perception in four differ-
ent groups—those with insomnia (chronic insomnia only, the 

Figure 2—Difference of sleep perception of total sleep 
time between the four groups.

CI, chronic insomnia; NC, normal control; OSA, obstructive sleep apnea.

Figure 3—Discrepancy between subjective and objective sleep between the four groups.

CI, chronic insomnia; NC, normal control; OSA, obstructive sleep apnea.
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CI and comorbid insomnia with OSA, the OSA-I) and OSA 
only (the OSA), and good sleepers (the NC). The main focus of 
our study was to investigate sleep perception in patients who 
had insomnia comorbid with OSA, and how they differed from 
patient groups who had either only OSA or insomnia, without 
comorbidity.

Differences in Sleep Perception in Various Sleep 
Disorders
A main finding of this study was that patients in the OSA-I 
group had significantly lower sleep perception than those in the 
OSA group, although there was no difference with the CI group. 
This suggests that sleep perception in individuals with insom-
nia have low sleep perception, regardless of comorbidity with 
OSA. The OSA-I group and the OSA group had clearly distinct 
characteristics. Both were male dominant, although the OSA 
group showed higher body mass index and ESS scores and 
lower BDI scores than the OSA-I group. Additionally, the OSA 
group had significantly higher AHI scores compared to the 
OSA-I group (median AHI [interquartile range] = 21.0 (11.8–
37.3) vs. 9.3 (6.8–15.8), respectively). Nevertheless, subjective 

sleep perception was higher in the OSA group (median 92.9%), 
with a median discrepancy of subjective and objective TST be-
ing 25 min. In contrast, those in the CI group had the lowest 
sleep perception (median 80.3%), with the median discrepancy 
of subjective and objective TST being 72.5 min, respectively.

The OSA-I group consisted of patients who had complaints 
of insomnia-related symptoms (difficulty initiating and main-
taining sleep). We differentiated the OSA-I group from the CI 
group by AHI scores (> 5 events/h) and PSG evidence that 
sleep-disordered breathing and respiratory arousals triggered 
difficulty falling asleep or maintaining sleep. As a result, 
PSG parameters of the two groups who complain of insom-
nia commonly were not statistically different except for AHI 
and arousal index. Although previous studies have suggested 
that increased arousal index within total sleep time may be 
associated with strong increase in REM sleep, this was not 
consistent with our findings.27 Additionally, there was no as-
sociation with sleep perception and stages of sleep in our study. 
For demographic information, there were no differences in 
body mass index, BDI, and ESS, except that females were pre-
dominant in the CI (63.8%) and males were predominant in the 
OSA-I group (57.1%). Sleep perception for TST in the insom-
nia groups (CI and OSA-I groups) were lower than the OSA 
group, but not significantly different between the CI and OSA-I 
groups. Additionally, patients in these two groups significantly 
underestimate their sleep latencies compared to the OSA and 
the NC groups.

This interesting finding suggests to clinicians that incorpo-
rating objective sleep measurement such as PSG or actigraphy 
should be considered in practice when identifying subgroups 
of insomnia or tailoring treatment for insomnia patients.28 Ed-
inger and Krystal28 suggested that sleep misperception is not 
ubiquitous in all insomnia patients, but may be a valuable dis-
criminator in differentiating between certain types of insomnia 
subgroups, such as those with subjective and objective insom-
nia. Additionally, PSG indicators such as alpha-delta sleep 
may be used as a physiological index for sleep state misper-
ception.29,30 For treatment, one study by Bonnet and Arand31 

Table 3—Sleep perception for total sleep time and habitual sleep duration in the four groups (n = 347).
CI (a)

(n = 69)
OSA-I (b)
(n = 49)

OSA (c)
(n = 149)

NC (d)
(n = 80) p Post hoc

Sleep perception a < c
a < dFor TST, % 80.3 (58.9–94.4) 90.9 (68.4–98.0) 92.9 (81.0–104.7) 91.4 (76.9–104.0) < 0.001

Subjective
TST, min 270 (180–330) 270 (180–360) 360 (300–390) 360 (300–420) < 0.001 a,b < c,d
SOL, min 30 (20–90) 30 (30–73.8) 20 (10–30) 20 (10–30) < 0.001 a,b > c,d

Habitual sleep
Weekdays, min 352.5 (270–390) 300 (240–384.9) 390 (354–435) 390 (356.4–450) < 0.001 a,b < c,d
Weekends, min 360 (292.5–434.7) 300 (240–390) 420 (360–483.8) 480 (420–523.8) < 0.001 a,b < c < d
Weighted † sleep, min 353 (270–414.6) 300 (240–390) 400.7 (360–450) 240 (376.5–467.1) < 0.001 a,b < c,d
Difference ‡ 16 (−79.3, 63.5) 11.4 (−76.3, 82.2) −19.4 (−84.0, 39.8) −14.0 (−62.0, 32.2) 0.099

†Weighted habitual sleep = (habitual weekdays sleep * 5 + habitual weekends sleep * 2) / 7. ‡Difference = objective TST − weighted habitual sleep duration. 
CI, chronic insomnia; NC, normal controls; OSA-I, insomnia with OSA; OSA, obstructive sleep apnea; SOL, sleep onset latency; TST, total sleep time.

Table 4—Multiple linear regression of the association of 
sleep perception with clinical variables.

Variables B
Standard 

Error p
Age −0.011 0.131 0.932
Sex 0.571 3.515 0.871
Depressive mood, BDI-based −0.232 0.221 0.294
Presence of insomnia −7.433 3.861 0.055
Presence of OSA 8.757 3.979 0.028
Weighted habitual sleep duration 0.034 0.018 0.053
Log (arousal index-PSG based) −4.537 3.111 0.146

R = 0.280, R2 = 0.078, R2 adjusted = 0.058. Weighted habitual sleep 
duration = (habitual weekdays sleep * 5 + habitual weekends sleep * 2) / 7.  
BDI, Beck Depression Inventory; OSA, obstructive sleep apnea; 
PSG, polysomnography; TST, total sleep time.
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showed that waking patients 27 times per night and providing 
them with PSG feedback about their sleep or wake state was 
effective in correcting sleep misperception.31 It has also been 
shown that demonstrating the discrepancy between subjective 
and objective sleep in behavioral experiments during therapy 
for insomnia may be helpful in correcting this misperception. 
Additionally, as cognitive behavioral therapy for insomnia 
(CBTI) is recommended as the first line of treatment for in-
somnia, having knowledge of accurate sleep parameters is im-
portant in implementing treatment modules, especially sleep 
restriction, which has been shown to be one of the most ac-
tive components of CBTI, may help reduce sleep mispercep-
tion. Considering that sleep misperception is associated with 
physiological arousal and cognitive arousal28,32,33 knowing the 
degree of sleep misperception may be an important aspect of 
insomnia that is often important but difficult to measure. Ad-
ditionally, based on our results, middle-aged males who have 
both OSA and insomnia may benefit from combined continu-
ous positive airway pressure therapy and cognitive behavioral 
therapy for insomnia.34 However, sleep perception did not dif-
ferentiate between the CI and the OSA-I groups.

We also found that the OSA group had the highest sleep ef-
ficiency (median 86.9%) despite having the highest AHI and 
arousal index among patient groups, and the presence of OSA 
was positively associated with higher sleep perception, which 
consistently support this paradox. Low sleep perception in 
the CI group is consistent with the study by Pinto et al.2 in 
that sleep perception was lowest in individuals with insom-
nia, although in their study, the normal control group had the 
highest sleep perception. One reason insomnia patients have 
sleep misperception may be because they tend to exaggerate 
their subjective report of sleep problems.7 The association be-
tween the presence of insomnia and higher arousal index and 
low sleep perception may support sleep misperception in pa-
tients with insomnia in our study. This may also have been 
the case in our study, which found that insomnia patients, re-
gardless of OSA status, reported higher levels of depressive 
mood. Additionally, cognitive arousal, which is typically seen 
in insomnia patients, has been found to be closely associated 
with distorted perception of sleep in insomnia patients.32,35,36 
Median sleep perception in the NC group was 91.4%, higher 
than patients with insomnia, but not statistically different from 
the OSA group. In one study, 60% of normal sleepers did not 
recognize awakenings 4 to 8 min after arousal from their first 
sleep spindles.37 In the same study, 10% of the normal sleep-
ers did not recognize sleep onset 16 min after entering stage 
2 sleep.37 Therefore, it is possible that the NC group showed a 
bigger discrepancy of sleep latency compared to other previ-
ous studies. We also found that those with a larger discrepancy 
between subjective and objective sleep had higher levels of de-
pressive mood. This may also be a reflection of recent studies 
by Vgontzas and colleagues16 that proposes two subtypes of 
insomnia – insomnia with objective short sleep duration, and 
insomnia with normal sleep duration. Among two subgroups, 
Fernandez-Mendoza et al.15 from the same group found that 
sleep misperception is prevalent only among insomniacs with 
objective normal sleep duration, along with other psychologi-
cal characteristics such as anxiety and rumination.

Group Differences of Habitual Sleep Time Compared 
to Objective TST
Another purpose of our study was to investigate the discrep-
ancy of habitual sleep duration and objective TST from PSG 
between the four groups. Results from our study indicated that 
patients with insomnia with or without OSA reported the small-
est discrepancy between habitual sleep duration and objective 
TST in the four groups. This is consistent with past studies that 
have reported that insomnia patients show a reverse first-night 
effect.20 Among these two groups, the OSA-I group especially 
showed the least discrepancy, and actually slept longer than 
their reported habitual sleep duration.

We investigated habitual sleep duration during both week-
days and weekends. However, comparison of objective sleep 
time based on PSG with sleep duration were only performed 
on weekdays, because all sleep studies were only performed 
during weekdays. In addition, there were considerable dif-
ferences of sleep duration between weekdays and weekends, 
especially, in the OSA (38.1 ± 70.4 min less sleep during week-
days) and the NC groups (79.3 ± 99.5 min less) compared to the 
CI (22.6 ± 60.4 min less) and the OSA-I groups (6.7 ± 27.8 min 
less). This suggests that patients with insomnia may be more 
rigid about keeping regular sleep schedules or suffer from 
short sleep regardless of the days of the week. However, the 
OSA and NC groups who seldom have insomnia-related symp-
toms tend to compensate for their sleep loss during weekdays 
by sleeping more during weekends.

To the best of our knowledge, this is the first study that has 
reported on the effects of the discrepancy of habitual sleep du-
ration and objective TST from PSG in an OSA comorbid with 
insomnia patient group. One previous study by Newell et al.38 
compared intra-patient night-to-night variability to compare 
first night effect in sleep-related breathing disorders, insom-
nia, movement and behavioral disorders, and health controls, 
although that study did not include a group with OSA comor-
bid with insomnia. They found a reduced first- night effect, al-
though it was not the typical inverse or paradoxical first-night 
effect for the individuals with psychophysiological insomnia 
only.38 We observed that patients with OSA and good sleepers 
had larger discrepancy of habitual sleep time compared to PSG 
TST compared to patients with insomnia. This may be associ-
ated with previous research suggesting that reduced first-night 
effect is commonly found in insomnia patients, which did not 
differ regardless of the presence of OSA.	

Limitations
The current study has several limitations. First, we relied en-
tirely on measure of sleep duration of only 1 night of PSG. 
Thus, it is possible that PSG measures did not reflect the usual 
sleep state due to first-night effect. Second, from a method-
ological standpoint, collecting information using sleep diaries 
or actigraphy may have been more accurate in determining 
habitual sleep duration. Third, it is difficult to explain the cau-
sality between sleep misperception and relating factors using 
a cross-sectional study design. Therefore, the current study re-
sults show that further well-designed longitudinal studies are 
required to confirm the causality. Fourth, although we tried to 
match “lights off” with habitual bedtime in each patient (about 
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22:30 to 12:00), it is possible that there was a time discrepancy 
between habitual sleep time and PSG TST unless the patients 
woke up at their self-reported habitual wake time. Finally, the 
methodology about assessing depressive mood involved sub-
jects completing self-report questionnaires without structured 
or semistructured interviews, which limits generalizability to 
diagnoses of depression or mood disorders.

CONCLUSIONS

We observed that sleep perception may be different based on 
which sleep complaint a patient has, and may also affect ob-
jective TST when administering PSG. Patients with insomnia, 
regardless of OSA status, have lower sleep perception and 
showed smaller discrepancy between objective sleep time and 
habitual sleep duration compared to patients with OSA or good 
sleepers. Although the CI and the OSA-I groups both have 
insomnia-related symptoms in common, they have different 
etiologies for insomnia, which was revealed by PSG profiles. 
This suggests that objective measures of sleep are an important 
consideration in patients with insomnia for tailoring proper 
treatment based on insomnia subtype.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
AI, arousal index
BDI, Beck Depression Inventory
BMI, body mass index
CBTI, cognitive behavioral therapy for insomnia
CI, chronic insomnia
ESS, Epworth Sleepiness Scale
NC, normal controls
OSA, obstructive sleep apnea
OSA-I, both obstructive sleep apnea and insomnia
PLM, periodic limb movement
PLMD, periodic limb movement disorder
PSG, polysomnography
REM, rapid eye movement
RLS, restless legs syndrome
SE, sleep efficiency
SOL, sleep onset latency
SP, sleep perception
TST, total sleep time 
WASO, wakefulness after sleep onset
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