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Study Objectives: Self-reported perception of sleep often differs from objective sleep study measures, but factors predicting the discrepancy between self-
reported and objective sleep parameters are controversial, and a comparison of laboratory vs ambulatory polysomnography (PSG) is lacking.

Methods: We retrospectively analyzed PSGs conducted between 2012 and 2016. Linear regression was applied to predict the discrepancy between self-
reported and objective sleep parameters (total sleep time, sleep efficiency, sleep latency, using age, sex, arousal index, type of sleep disorder, and PSG type
[laboratory vs ambulatory] as regressors).

Results: A total of 303 PSGs were analyzed (49% women, median age 48 years), comprising patients with insomnia (32%), sleep-related breathing disorders
(27%), sleep-related movement disorders (15%), hypersomnia/narcolepsy (14%), and parasomnias (12%). Sleep disorder was the best predictor of discrepancy
between self-reported and objective total sleep time, and patients with insomnia showed higher discrepancy values compared to all other patient groups (P <.001),
independent of age and PSG type (P >.05). Contributory effects for higher discrepancy values were found for lower arousal index. Patients with insomnia
underestimated both total sleep time (median discrepancy: 46 minutes, P <.001) and sleep efficiency (median discrepancy: 11%, P <.001). No significant predictor
for discrepancy of sleep latency was found.

Conclusions: Misperception of sleep duration and efficiency is common in sleep lab patients, but most prominent in insomnia, independent of age, sex, or
laboratory vs ambulatory recording setting. This underlines the role of PSGin patients with a clinical diagnosis of insomnia and its use in cognitive behavioral therapy.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: A discrepancy of self-reported and objective sleep parameters is common in sleep laboratory patients, but
predicting factors are poorly understood and a comparison of laboratory vs ambulatory polysomnography is lacking. We retrospectively analyzed

303 polysomnographies of patients with insomnia (32%), sleep-related breathing disorders (27%), sleep-related movement disorders (15%), hypersomnia/
narcolepsy (14%), and parasomnias (12%).

Study Impact: Misperception of sleep duration and sleep efficiency is most prominent in patients with insomnia, but independent of age, sex, or laboratory
vs ambulatory recording setting. Perception of sleep may substantially aid the behavioral treatment of insomnia, which supports the extended use of
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polysomnography in these patients.

INTRODUCTION

A discrepancy between self-reported and objective sleep measures
is common in sleep laboratory patients and is particularly frequent
in patients with insomnia. Patients with insomnia usually expe-
rience greater sleep difficulties and shorter sleep duration com-
pared to the respective polysomnographic parameters.'

Sleep discrepancy is also observed in patients with sleep-
related breathing disorders (SRBD), albeit with contradictory
results, where both an overestimation as well as underestimation
oftotal sleep time (TST) have been reported.*” Surprisingly few
studies have looked at discrepancy between self-reported and
objective sleep parameters in sleep-related movement disorders
(SRMD), hypersomnia, or parasomnia, and results are also
conflicting. For patients with SRMD, both an overestimation
of sleep latency (SL)® as well as an absence of relevant
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discrepancies between self-reported and objective TST and SL’
were reported. A relatively accurate sleep perception was ob-
served for patients with idiopathic hypersomnia (including
narcolepsy) or parasomnia.®

Discrepancy between self-reported and objective sleep pa-
rameters is usually reported from polysomnographies (PSGs)
performed in laboratory settings. Given the high costs and
personnel requirements associated with laboratory PSG, am-
bulatory recordings are increasingly applied. However, it re-
mains unclear whether a discrepancy between sleep perception
and PSG differs in regard to the recording setting.

In summary, a discrepancy between self-reported and
objective sleep parameters seems to be present not only in
patients with insomnia, but also in patients with SRMD and
SRBD. Studies have reported controversial findings regard-
ing discrepancies between self-reported and objective sleep
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parameters, and a comparison between laboratory and am-
bulatory PSG is lacking.

Therefore, the objective of the present study was to in-
vestigate the underlying factors contributing to sleep mis-
perception in a routine sample of sleep laboratory patients,
including a comparison between PSG recordings in an am-
bulatory vs laboratory setting.

METHODS

Patients

For this study, full-night PSG recordings of all consecutive
patients who underwent full-night ambulatory or laboratory
PSG between January 2012 and December 2016 at our sleep lab
at the Department of Neurology were analyzed. Prior to every
PSG, each patient had been seen by a sleep expert of the De-
partment of Neurology and a comprehensive semistructured
interview on the general and sleep history had been taken.

The final diagnosis of sleep disorders followed the Inter-
national Classification of Sleep Disorders'® and was established
by a sleep specialist (K.T., S.S.), assigning patients to the
following diagnostic categories: insomnia, hypersomnia (in-
cluding patients with narcolepsy), SRMD, SRBD, and para-
somnia (including both non-rapid eye movement and rapid
eye movement parasomnias).

From a total of 352 recordings, 45 were excluded from this
study due to incomplete PSG and/or clinical data. Four patients
were excluded because the final diagnosis revealed a relevant
neurologic or psychiatric comorbidity (major depression, epi-
lepsy, Danon disease, Paramyotonia congenita in 1 patient
each). Hence, we included 303 recordings (78 ambulatory, 225
laboratory) of a total of 279 patients (51.1% male) in this study.
Twenty-four patients had 2 consecutive PSG nights and 4 pa-
tients had 3 consecutive PSG recordings.

This study was approved by the local ethics committee of
the Medical University of Vienna. Due to the retrospective
nature of the study, no written informed consent was obtained
from participants.

Polysomnography

For laboratory recordings, all patients underwent at least one
night of full video PSG, which included (i) electroencepha-
lography (EEG; C3 and C4 with M1 and M2 as reference
electrodes until February 2016; F3, C3, and O1 with M2 as
reference electrode thereafter); (ii) electrooculography (vertical
and horizontal eye movements); (iii) electromyogram (EMQG)
(mental, both anterior tibialis muscles); (iv) cardiorespiratory
recording (single-channel electrocardiography, pneumoflow,
respiratory movements from induction plethysmography,
and transcutaneous oxygen saturation); and (v) a body posi-
tion sensor. For ambulatory PSG recordings, EEG, electrooc-
ulography, and mental EMG were equally applied without
video documentation.

Sleep was scored according to Rechtschaffen and Kales'' and
parameters TST, SL, and sleep efficiency (SE) were assessed.
Forscoring of EMG activity, bipolar surface EMG was recorded
with the low-pass filter at 35 Hz, the high-pass filterat 10 Hz, and
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asampling rate of 100 Hz. Amplification was setat 5 pV/mm for
scoring of REM-related EMG activity, and at 10 pV/mm for
scoring of isolated limb movements (LM), periodic LM, high
frequency LM, and fragmentary myoclonus. Impedance of
surface EMG electrodes had to be lower than 10 kQ). LM and
arousals were scored according to the Atlas Task Force of the
American Sleep Disorders Association.'?

Assessment of self-reported sleep parameters
Self-reported sleep parameters were assessed using a stan-
dardized self-rated clinical questionnaire.'* Self-reported rat-
ings on times of falling asleep and waking up, number and
duration of awakenings per night, and total duration of sleep
were used to calculate self-reported TST, SL, and SE.

Statistical analysis

Statistical analyses were done in IBM SPSS 25.0 for Windows.
Linear regression analyses were performed using difference
values of objective vs self-reported sleep parameters (TST,
SL, SE) as dependent variables and sex, age, arousal index,
type of sleep disorder (insomnia, hypersomnia, parasomnia,
SRBD, SRMD), and PSG type (laboratory vs ambulatory) as
regressors. Non-normally distributed variables were naturally
log-transformed for regression analyses. Kruskal-Wallis tests for
independent samples were used for intergroup comparisons of
age as well as discrepancy values of sleep parameters among the
different sleep disorder groups. Wilcoxon signed rank test for
paired samples was used for comparisons between self-reported
and objective sleep parameters within patient groups. A sig-
nificance level of P <.05 was applied to all analyses. Bonferroni
correction of P values was applied to the three linear regression
analyses (P < .017). Exploratory analyses for the significant
predictors in the regression models were performed without
P value correction.

RESULTS

Demographics and sleep disorders
Demographic characteristics of the whole patient population
are shown in Table 1.

Chronic insomnia (32%) was the most prevalent sleep dis-
order, followed by SRBD (27%), SRMD (15%), hypersomnia/
narcolepsy (14%), and parasomnia (12%; 8% non-rapid eye
movement-related and 4% rapid eye movement-related para-
somnias). Age significantly differed between the patient groups
(H=63.94;df=4; P<.001), and post hoc pairwise comparisons
indicated that patients with SRBD or SRMD were significantly
older than patients with insomnia, hypersomnia, or parasomnia
(all P <.001, Table 1).

Linear regression

The linear regression model to predict a discrepancy of self-
reported and objective sleep time was significant (Fg 95 =
6.84; P < .001, adjusted R? = .13; Figure 1), indicating that
patients with insomnia showed higher discrepancy values
compared to patients with SRBD (Beta = —0.31, P < .001),
parasomnia and hypersomnia/narcolepsy (both Beta = —0.21,
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Table 1—Descriptive characteristics.

All Insomnia Hypersomnia Parasomnia SRMD SRBD
n (%) 303 (100%) 97 (32%) 43 (14%) 36 (12%) 46 (15%) 81 (27%)
Sex (F/M) 147/156 64/33 22/21 19/17 23/23 19/62
Age 47.5 (25.0) 41.0 (21.5) 36.0 (24.0) 33.5(21.0) 55.0 (20.3) 54.0 (20.5)
Arousal index (TST) 12.0 (11.4) 10.2 (7.6) 10.9 (13.1) 9.5 (6.6) 15.0 (12.8) 19.1 (21.8)
PSG type (amb/lab) 78/225 55/92 18/25 2/34 1/45 279
A sTST-0TST (min) 5.5 (103.3) -46 (111.0) 11.5 (84.0) 24.5 (80.9) 10.5 (113.5) 24.5 (103.8)
A sSOL-0SOL (min) 24.5 (23.8) 8.5(27.3) 2 (18.0) 3.3(21.6) 9 (28.5) 1(25.5)
A sSEI-0SE| (%) -1.7 (21.6) -11.1 (25.6) 0.7 (18.2) -0.5 (15.0) -1.7 (23.3) 2.8 (22.5)
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Values are presented as number of events or as median and interquartile range. A = difference value, amb = ambulatory, lab = laboratory, o = objective,
PSG = polysomnography, s = self-reported, SEI = sleep efficiency index in percentage of total sleep time, SOL = sleep onset latency, SRBD = sleep-related
breathing disorder, SRMD = sleep-related movement disorder, TST = total sleep time.

P=.001). An additional effect was observed for a lower arousal
index predicting higher discrepancy (Beta = —0.17; P = .01;
Figure 2). For predicting the discrepancy between self-reported
and objective sleep efficiency (Fs 295 = 6.79; P <.001, adjusted
R? = .13; Figure 1), again, sleep disorders were the best pre-
dictors, and patients with insomnia showed higher discrepancy
values compared to patients with SRBD (Beta = —0.34, P <
.001), parasomnia (Beta = —0.24, P < .001), hypersomnia/
narcolepsy (Beta = —0.21, P = .001), and SRMD (Beta =
—0.18, P = .008). A significant effect was also observed for
lower arousal index (Beta = —0.16; P = .007; Figure 2). The
regression model for the discrepancy between self-reported and
objective sleep latency remained non-significant (Fg 295 = 1.35;
P =22, adjusted R? = .009).

Type of sleep disorder influences the discrepancy
between self-reported and objective sleep parameters
Since regression analyses indicated that patients with insomnia
showed higher discrepancy of self-reported and objective sleep
parameters than other groups, we performed exploratory ana-
lyses to display detailed effects for the different sleep disorders.
Within patient groups, those with insomnia significantly
underestimated their TST by a median of 46 min (W =975; P>
.001), while patients with SRBD significantly overestimated
their TST by amedian of 11 min (W =2.292; P=.003; Table 1;
Figure 1). Patients with SRMD, hypersomnia, or parasomnia
did not show significant differences between self-reported and
objective TST (all P > .05; Figure 1).

Patients with insomnia significantly underestimated their SE
by amedian of 11% (W =695; P<.001; Table 1; Figure 1). All
other patient groups did not show significant differences be-
tween self-reported and objective SE, albeit those with SRBD
showed a trend to overestimate their SE (W =2.035; P =.077;
Table 1; Figure 1).

Arousal index differs between sleep disorder

patient groups

The arousal index significantly differed between patient groups
(H=51.61;df=4; P<.001; Table 1; Figure 1), and post hoc
analysis showed that patients with SRBD had significantly
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higher arousal indices compared to patients with insomnia,
parasomnia, or hypersomnia (all P < .001; Figure 1) and that
patients with SRMD had higher arousal indices than patients
with insomnia (P = .04; Figure 1).

DISCUSSION

A discrepancy of self-reported vs objective sleep measures is
common among sleep laboratory patients and represents a rel-
evant concern for the treating physician, with resulting diffi-
culties for both diagnosis and treatment of sleep disorders. Using
multiple regression analyses, we could show that the type of sleep
disorder is the main predictor of a discrepancy between self-
reported and objective TST and SE, with patients with insomnia
showing the most pronounced discrepancy between self-reported
and objective TST and SE compared to all other sleep disorders.
This effect was independent of the patients’ age, sex, or whether
PSG was performed in an ambulatory or a laboratory setting.
Apart from the type of sleep disorder, contributory effects for
higher discrepancy of self-reported vs objective sleep dis-
crepancy were found for lower arousal indices.

Sleep misperception in insomnia vs other
sleep disorders
In line with previous findings, we found that sleep discrepancy
frequently occurred in patients with insomnia, who significantly
underestimated their TST and SE.*>? Patients with insomnia
underestimated their TST by a median of 46 minutes, which is in
line with previous findings reporting an underestimation of
sleep time in insomnia ranging from a mean of 17-47 minutes"
up to 70-110 minutes.**'3

The causal mechanisms of sleep misperception in insomnia are
not yet fully understood. Certain personality traits, such as neu-
roticism or hypochondriasis, have been associated with sleep
discrepancy, which may then escalate feelings of anxiety and
arousal, particularly in patients with paradoxical insomnia, where
objective PSG measures show normal or nearly normal results.'®'”
Neurophysiological studies report altered EEG frequency bands
and event-related potentials during non-rapid eye movement
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Figure 1—Difference of self-reported and objective sleep parameters.
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(A) Difference values of self-reported minus objective total sleep time (TST). Patients with insomnia show highest discrepancy values and underestimate
their TST, while patients with hypersomnia, parasomnia, sleep-related breathing disorder (SRBD), and sleep-related movement disorder (SRMD) overestimate
TST. (B) Difference values of self-reported minus objective sleep efficiency (SE). Patients with insomnia underestimate their SE, while patients with
hypersomnia, parasomnia, SRBD, and SRMD show good concordance of self-reported and objective SE. (C) Arousal indices among the different patient
groups. Patients with SRBD show highest arousal indices. Boxes represent median and interquartile range, whiskers represent range, circles represent outliers.

sleep in paradoxical insomnia,'®' which may represent an In contrast to findings in patients with insomnia, we found an
indirect correlate of increased microarousals in these patients. overestimation of TST and a trend for overestimation of SE in
This concept is further supported by altered glucose metabolism  patients with SRBD. This is in accordance with previous reports on a
in brain regions associated with sensory processing and con- “positive sleep discrepancy”'’ or “reverse sleep misperception™?!

20

sciousness in patients with insomnia with sleep discrepancy. in patients with SRBD, while patients with hypersomnia or
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Figure 2—Correlation of arousal index with difference values of self-reported minus objective total sleep time (TST) and sleep

efficiency (SE) across all patients.
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(A) Greater discrepancy of self-reported-objective TST correlates with lower arousal index (Spearman’s Rho =-0.24, P<.001). (B) Greater discrepancy of self-
reported-objective SE correlates with lower arousal index (Spearman’s Rho = -0.23, P <.001).

parasomnia seem to have a relatively accurate perception of sleep
duration and efficiency.® In regard to patients with SRMD, results of
foregoing investigations are partly conflicting, where both an ac-
curate perception of sleep parameters’ as well as an underesti-
mation of SE® have been reported. The discrepancies in findings
were attributed to potential differences in sample characteris-
tics (proportion of patients with RLS vs periodic limb move-
ment disorder). Our results support the view that perception of
TST and SE is relatively accurate in patients with SRMD.

Sleep misperception and arousal

Interestingly, we found a negative correlation of arousal indices
with sleep discrepancy, indicating that patients with lower

Journal of Clinical Sleep Medicine, Vol. 17, No. 5

arousal indices tend to more profoundly underestimate their
TST and SE. Although this might at first seem counterintuitive,
it is well explained by the distribution of arousal indices among
patient groups. Arousal indices were highest in SRBD patients
from our sample, who generally overestimated their sleep time
and sleep efficiency, and significantly lower in all other patient
groups, including patients with insomnia, who profoundly
underestimated their total sleep time and sleep efficiency.
Similar effects were observed in a comparative study be-
tween patients with SRBD and insomnia, where patients with
SRBD showed an overestimation of sleep time and efficiency
despite generally higher arousal indices compared to patients
with insomnia.'?

May 1, 2021



sreserved.

Downloaded from jesm.aasm.org by Kirsten T'ﬁyelgr on Fﬁtljlruarxtza 2022. For personal use only. No other uses without permission.
icine. rigl

Copyright 2022 American Academy of Sleep

K Trimmel, HG Eder, M Bock, et al.

The EEG frequency band changes that interfere with the
perception of sleep quantity and quality and lead to hyper-
arousal in patients with insomnia seem to occur independent of
“macro-architectural” phenomena® like the “arousal” as de-
fined from American Academy of Sleep Medicine standards.?
This suggests that sleep discrepancy in insomnia is not merely
resulting from an increased number of (micro)arousals as
measured from traditional PSG measures, but rather the out-
come of complex biological, neurophysiological, and psy-
chological interactions leading to a hypervigilant state.

Ambulatory vs laboratory PSG

To this point, it remains unclear whether sleep discrepancy is
related to the setting of sleep recording. Standard laboratory
PSG with monitoring of EEG, electrooculogram, EMG (chin,
leg), electrocardiography, respiratory recording, and other
parameters represents the most important diagnostic tool in
sleep medicine.** However, complimentary or alternative am-
bulatory diagnostic tools are warranted to mitigate high costs
and personnel requirements associated with traditional PSG,
with the additional advantage of the possibility to assess sleep in
the patient’s routine environment as compared to the unfamiliar
sleep laboratory setting.>> Furthermore, current events such as
the COVID-19 pandemic will most likely increase the pro-
portion of ambulatory investigations in the future to reduce
hospital visits. Ambulatory recordings are suggested to better
represent habitual sleep habits such as body posture, where
patients are more likely to spend time in a supine position in a
laboratory setting than at home.*® For the diagnosis of ob-
structive sleep apnea syndrome, there generally seems to be a
high level of agreement between ambulatory and laboratory
sleep studies,?’ ! but comparative studies are generally scarce,
particularly regarding sleep pathologies other than SRBD.

In our cohort, multiple regression analysis did not indicate a
predictive effect of type of sleep study for sleep discrepancy.
This demonstrates that misperception of sleep occurs inde-
pendent of whether recordings are performed in an ambulatory
or laboratory setting, which forms an important foundation for
future diagnostic or interventional studies related to discrep-
ancy of self-reported vs objective sleep parameters.

Strengths and limitations

While most previous studies focus on patients with insomnia
only when investigating sleep discrepancy, we additionally
included patients with SRBD, SRMD, hypersomnia, and par-
asomnia. To our knowledge, this is the first study to investigate
misperception of sleep when comparing ambulatory vs labo-
ratory setting of sleep studies.

There are several limitations to our work. Since our study
sample included all patients attending our sleep lab at a certain
time period, certain patient groups, particularly those with
parasomnias, may be underrepresented in this study. In context
with the clinically suspected type of sleep disorder, patient
subgroups were unequally represented in ambulatory vs lab-
oratory recording settings, and the vast majority of ambulatory
recordings were performed in patients with insomnia or
hypersomnia. Additionally, a potential bias resulting from first-
night effects**~* was notaccounted for in our analyses, since 2 or
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more consecutive PSGs were only performed in a small subgroup
of patients who had laboratory recordings and in none of the
ambulatory recordings. It should be noted, however, that the type
ofrecording setting did not influence our findings on discrepancy
of self-reported and objective sleep parameters in the regression
models. Formal mental health assessment with standardized
questionnaires was not routinely performed in our patients, which
should be addressed in future studies to take into account effects
of distinct psychiatric comorbidities on perception of sleep. Data
were acquired from a single center, and due to the retrospective
nature of the study, control data were not collected, which limits
generalizability. Furthermore, a detailed assessment of patient
characteristics, including coexistent medical conditions, occu-
pation, shift work, medication, or social drugs should be war-
ranted in future prospective investigations.

Previous findings in healthy individuals suggest a high level
of congruency between self-reported and objective sleep
duration,* although a potential underestimation of sleep du-
ration in healthy sleepers has also been reported.*® Sleep
deprivation leads to overestimation of sleep duration in healthy
participants,® while experimentally induced insomnia may
elicit both an over- as well as underestimation of sleep duration,
depending on length and time of day of sleep opportunity,*
which should be addressed in future comparative studies.
Lastly, sleep was scored according to Rechtschaffen and
Kales'!' and not according to American Academy of Sleep
Medicine scoring standards.*

Clinical implications

Evaluating sleep misperception has therapeutic implications,
particularly for patients with insomnia. Cognitive behavioral
therapy represents the most important form of treatment of
insomnia.'®* Drawing a patient’s attention to their misper-
ception of sleep may aid to their understanding of symptoms of
insomnia, which can be integrated into the therapeutic process.
Ultimately, improving sleep perception by cognitive behavioral
therapy can significantly improve insomnia.’*”** Based on
current sleep medicine practice guidelines, the diagnosis of
insomnia relies on clinical history and sleep quality question-
naires, and does not require objective investigations like
PSG.'*3¢ Our findings, in line with previous research,'” suggest
that performing PSG for the assessment of sleep perception in
insomnia is highly relevant, with the potential to substantially
improve therapeutic options.

CONCLUSIONS

Misperception of sleep quality is common in sleep disorders,
but most prominent in patients with insomnia, who tend to
underestimate their sleep duration and efficiency. Con-
versely, patients with SRBD, SRMD, hypersomnia, or par-
asomnia relatively accurately estimate their SE and tend to
slightly overestimate their TST. These seem to be unrelated to
patient age, sex, or to PSG setting (ambulatory vs laboratory).
In patients with insomnia, a general state of hypervigilance is
suspected to cause sleep misperception, albeit this seems
unrelated to arousal indices as measured from PSG standards.
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Assessment of differences of self-reported vs objective sleep
measures may form an integral part of the behavioral treat-
ment of insomnia, which challenges the concept of sole
clinical diagnosis of insomnia and supports the extended use
of PSG in these patients.

ABBREVIATIONS

EEG, electroencephalography

EMG, electromyogram

LM, limb movements

PSG, polysomnography

SE, sleep efficiency

SL, sleep latency

SRBD, sleep-related breathing disorder
SRMD, sleep-related movement disorder
TST, total sleep time
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