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OBJECTIVE: To compare subjective sleep evaluation obtained using four questionnaires with polysomnography
results for individuals with and without obstructive sleep apnea.

METHODS: Observational and analytical study in which individuals underwent polysomnography were studied
retrospectively to investigate sleep disorders. We compared subjective data from a research database used to
predict obstructive sleep apnea based on the STOP-BANG questionnaire, evaluation of excessive daytime
sleepiness (Epworth Sleepiness Scale), sleep quality questionnaire (Mini Sleep Questionnaire) and Post-Sleep
Data Collection Instrument with the self-reported total sleep time and sleep-onset latency for subjects with and
without obstructive sleep apnea.

RESULTS: The STOP-BANG questionnaire was a good predictor for the diagnosis of obstructive sleep apnea.
However, the other instruments did not show a significant difference between healthy and sick individuals.
Patients’ perceptions of their sleep onset time were significantly lower than the polysomnographic data, but
this difference remained for both subjects with and without obstructive sleep apnea. No difference was found
between the subjective duration of sleep and the total sleep time assessed by polysomnography in either the
healthy subjects or the patients.

CONCLUSION: Except for the STOP-BANG questionnaire, subjective evaluation of sleepiness, sleep quality,
perception of onset, and total sleep time are not important parameters for the diagnosis of obstructive sleep

apnea, which reinforces the need for an active search for better management of these patients.
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H INTRODUCTION

Sleep is a complex behavioral state involving a reversible
reduction of perception and relative unresponsiveness to the
environment (1). Perception of the amount of sleeping hours
and sleep quality are subjective information and may not
agree with objective measures. Therefore, diagnosing sleep
disorders based only on symptoms reported by patients is a
great challenge (2,3).

A mismatch between subjective data (patient complaints)
and objective (polysomnographic) measurements may be
related to fragmented sleep (2) in both insomnia and apneic
patients. Polysomnography (PSG) is the gold standard for
the diagnosis of sleep-disordered breathing (3). PSG is recom-
mended for the diagnosis of obstructive sleep apnea after clini-
cal evaluation (4) and in patients with potential respiratory
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muscle weakness due to neuromuscular diseases, hypoventi-
lation (sleep or wakefulness), chronic use of opioids and a
history of stroke or severe insomnia (5).

A poor perception of sleep is defined as a total sleep time
(TST) reported by the subject that is less than 80% of the total
sleep time measured by PSG (6-8). Therefore, an individual
with a sleep disorder may not perceive events that indicate
the presence of morbidity. Identification of sleep perception
patterns can help differentiate between normal individuals
and those with altered sleep and consequently enable an early
diagnosis, treatment and greater compliance in individuals
with altered sleep.

Obstructive sleep apnea (OSA) is a disease associated with
several cardiovascular (9,10), respiratory (11,12), metabolic
(13,14) and even oncologic problems (15-17). The prevalence
of OSA varies according to the criteria used, with a range
from 10% to 49.7% in men and 3% to 23.4% in women (AHI >
15 events/h) (18-21). Several studies have demonstrated
high rates of underdiagnosis (22-24). Complaints related to
OSA are often nonspecific, and the perception of sleep
disturbance can be a warning factor for a better diagnostic
accuracy (25).

Thus, the purpose of this study is to compare subjective
sleep evaluation using four questionnaires with polysomno-
graphy results in individuals with and without OSA.
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B METHODS

This study was an observational and analytical study that
utilized PSG to determine the presence of sleep disorders.
PSG data from a research database were retrospectively com-
pared to subjective OSA assessment data. The subjective
evaluation was performed through four questionnaires [the
STOP-BANG questionnaire, Epworth Sleepiness Scale, a sleep
quality questionnaire (Mini Sleep Questionnaire - MSQ) and
Post-Sleep Data Collection Instrument (PSDCI)] to assess
the self-reported total sleep time and sleep-onset latency of
subjects with and without OSA.

The study analyzed individuals who underwent PSG from
January to December 2015 at the Respiratory Research Center
of an outpatient Chest and Sleep Medicine Clinic (CLARE) in
Goiania, Goias, Brazil. The inclusion criteria were as follows:
individuals over 18 years of age who underwent a complete
PSG and signed the consent form. The exclusion criteria was
individuals with incomplete data in their questionnaires
and/or sleep perception forms.

The demographic characteristics collected included gen-
der, age, and the body mass index (BMI). These data were
correlated with the apnea and hypopnea index (AHI) of each
patient obtained through PSG. The following three validated
questionnaires for Portuguese were used for the subjective
evaluation of the patient’s perception: 1. Risk assessment for
OSA: STOP-BANG (<2: low risk; 3-4: intermediate risk; and
>5: high risk) (26,27); 2. Evaluation of daytime sleepiness:
Epworth Sleepiness Scale (<10: normal; 11-15 drowsiness;
and >16: severe drowsiness (28,29); and 3. Sleep quality
assessment: Mini-sleep Questionnaire - MSQ (10-24: good
sleep, 25-27: slightly altered sleep, 28-30: moderately altered
sleep, and >30: heavily altered sleep) (30,31). In addition,
the PSDCI was used as a subjective assessment complement
immediately after the PSG. This instrument evaluated the
degree of sleep discomfort in the sleep lab, the perceived
time to sleep onset, the self-reported total amount of sleep,
and how many times the individual reported waking during
the night of the examination. Sleep perception was defined as
the percentage of the ratio between the perceived TST by the
subject and the TST measured by the PSG (6). Poor sleep
perception was defined as a TST reported by the subject that
was less than 80% of the TST measured by PSG (6-8).

PSG was performed with an ALICE-5 device (Philips
Respironics, PA) in a sleep laboratory to evaluate multiple
neurophysiological variables during the night of recording,
including an electroencephalogram, submental and leg electro-
myogram (bilateral), electrocardiogram, nasal flow, respira-
tory effort by thoracic and abdominal straps, snoring sensor
and pulseoximetry (oxyhemoglobin saturation). The exams
were scored by medical specialists in Sleep Medicine. The
presence of an AHI>5 events/hour was considered for
the diagnosis of OSA according to the current criteria from
the American Academy of Sleep Medicine (AASM) (32).

The present study was approved by the Research Ethics
Committee of the Federal University of Goids under number
CAAE: 56008316.7.0000.5083.

Statistical Analysis

A t-test was used to define the sample size. We chose an o
(two-tailed)=0.01 and power=0.95 (33). The sample was cal-
culated to be able to detect a difference of 20% or more in the
perception of sleep between the objective and subjective
evaluation of each individual and to differentiate normal
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from abnormal perceptions. The sleep perception was defined
as the ratio between the sleep duration (self-reported) and
TST (polysomnographic data) (6). A proportion less than
80% was considered an altered sleep perception. In addition,
a previous study reported a mean and standard deviation of
sleep perception of 0.82+0.20 (7).

The data were analyzed using the statistical package SPSS
(Statistical Package for Social Science) version 23. The level of
significance was set at 5% (p<0.05). The sample was char-
acterized based on the absolute and relative frequencies for
categorical variables (Chi-square test - %%) and means with
standard deviations for continuous variables (Kruskal-Wallis
test). The normality of the data was verified by applying
the Shapiro-Wilk test. If the normality of the data was not
verified, non-parametric statistics were adopted. Compar-
isons were performed between subjective and objective data
for the apneic and non-apneic participants (box-plot graphs),
with p values obtained through Wilcoxon’s non-parametric test.

The dispersion curves (Figure 2) compared the poly-
somnographic (x-axis) measurements with the following self-
reported questions using Spearman’s correlation: (A) how
many times the participant reported having awakened,
(B) the sleep duration and (C) the time elapsed for sleep
onset for the total sample.

For Spearman’s correlation between the subjective
(“perception”) and objective (polysomnographic) data, posi-
tive values demonstrate agreement between the reported and
measured findings (if p <0.05), and negative values demon-
strate inverse correlations.

B RESULTS

A total of 436 individuals who underwent PSG were
selected from January to December 2015. After applying the
inclusion and exclusion criteria, we obtained 248 participants,
as shown in Figure 1.

The evaluated subjects included 137 men (55.2%) and
111 women (44.8%). The mean age was 40+ 12.7 years for
participants with an AHI<5 and 46+12.6 years for an
AHI>5 events/hour (p=0.05). The frequency of OSA was
higher in men (70.1%) than in women (43.2%), (p<0.001,
Chi-square test).

Participants presented with the following characteristics:
normal BMI, 32 (12.9%); overweight, 61 (24.6%) and obesity,
155 (62.5%). In the obese category, 46 (29.7%) participants
were classified with obesity class I, 45 (29.0%) with class II
and 64 (41.3%) with morbid obesity. The BMIs of the apneic
patients (36.8 +8.3) were significantly higher than those of
the participants with a normal AHI (31+20.5), (p<0.001,
Chi-square test).

The presence of sleep apnea was confirmed (Table 1) in
144 (58.0%) of the sample, and no significant difference was
found between the adults and the elderly (p=0.05). The
frequency of OSA was greater among the males than among
the females (2:1, p<0.001).

The STOP-BANG questionnaire was a good predictor for
the diagnosis of OSA (p<0.001), but the other instruments
did not show a significant difference between the healthy
and sick individuals. The STOP-BANG questionnaire showed a
correlation with OSA in both women and men (p <0.001 and
p=0.01, respectively). The Epworth Sleepiness Scale (Table 1)
did not correlate with the disease in this sample (p=0.54).
Conversely, the MSQ showed a correlation in the total
sample between poor sleep and OSA (p=0.04).
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Figure 1 - Selection criteria and sample distribution for the Apnea Hypopnea Index (AHI) and gender.

Table 1 - Characterization of sleep evaluation regarding the presence of OSA in 248 individuals subjected to PSG.

Evaluation forms No OSA n (%) 104 (42%) With OSA n (%) 144 (58%) Y
SUBJECTIVE
Risk of OSA (STOP-BANG) p<0.001"
Low 36(14.5%) 15(6.0%)
Intermediate 49(19.8%) 67(27.0%)
High 19(7.7%) 62(25.0%)
Evaluation of daytime sleepiness (ESS) p=0.54"
<10 (normal) 55(22.1%) 82(33.1%)
10-16 (moderate) 32(12.9%) 43(17.3%)
> 16 (severe) 17(6.9%) 19(7.7%)
Quality of sleep evaluation (MSQ) p=0.04"
Good 11(4.4%) 16(6.5%)
Slightly altered 04(1.6%) 14(5.7%)
Moderately altered 11(4.4%) 21(8.5%)
Poor 78(31.4%) 93(37.5%)
Evaluation of sleep perception (PSDCI)
Sleep onset (min +SD) 39.9+14.9 35.5+40.3 p=0.06"
Sleep duration (min £ SD) 350.6 + 16.0 362.2+105.1 p=0.93"
How many times did you wake up (n) 4.2+16.4 43129 p=0.23"
OBJECTIVE
(PSG)
Sleep latency (min £ SD) 32.2+80.9 23.4+434 p=0.11"
Total sleep time (min £ SD) 339.6 +75.0 345.9+75.5 p=0.21"
Arousals (n £SD) 40.0£77.7 96.8+24.4 p<0.001*

OSA: obstructive sleep apnea; SD: standard deviation; BMI: body mass index;

MSQ: Mini Sleep Questionnaire; PSG: polysomnography; ESS: Epworth

Sleepiness Scale; PSDCI: Post-Sleep Data Collection Instrument; + Spearman Correlation.

Thus, a positive correlation was found between the onset
of sleep and sleep latency in women (p<0.001) and adults
(p=0.001). Patients with obstructive sleep apnea had a nega-
tive correlation between sleep onset and latency (p=-0.29 and
p<0.001). Wilcoxon’s non-parametric test (Figure 3) showed
that the apneic patients perceived sleep onset as significantly
greater than the objective data (overestimating latency),
(p<0.001).

A positive correlation in the amount of perceived sleep
time in relation to the total sleep time was found in all

groups (p<0.001 and p=0.31). However, Wilcoxon’s non-
parametric test (Figure 4) showed that this difference was
not significant in the non-apneic patients and in the partici-
pants with an AHI>5 (p=0.57 and p=0.26, respectively)
when the sleep perception was compared with the objective
data.

PSG showed a good correlation (p<0.001) with the pres-
ence of OSA in all categories (both genres and age groups).
Notably, the number of awakenings perceived by the patient
(which in the sample ranged from 0 to 20) did not correlate
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Figure 2 (A, B, and C) - Dispersion curves comparing the self-reported (y-axis) and polysomnographic (x-axis) measurements of the
248 participants using Spearman’s correlation. The straight line demonstrates a perfect correlation between the subjective and
objective measures. Figure 2A shows the number of awakenings perceived in relation to arousals. Figure 2B shows the correlation
between the perceived sleep time and the total sleep time (TTS). Figure 2C shows the discrepancy between the time perceived for the

beginning of sleep and the sleep latency.

by definition with the arousal index measured according to
the AASM criteria (32). The relationship of arousals with the
awakening perception was not significant.

H DISCUSSION

The main finding of this study is that subjective instru-
ments for the detection of sleep disorders do not differentiate
between sick and healthy individuals to predict OSA, with
the exception of STOP-BANG. Thus, the perception of sleep
onset and its total duration did not help differentiate between
the presence and absence of OSA compared to the poly-
somnographic data.

This finding is surprising, since some studies have reported a
discrepancy between the perception of TTS and the objective
data from these patients obtained with PSG (2,37-39). Thus,
the importance of the active search for OSA-related symp-
toms is emphasized, and the use of only perception of sleep

reported by the patient is not recommended. For this purpose,
we used risk assessment questionnaires for the OSA risk,
such as the STOP-BANG questionnaire, which was shown to
be a good predictor compared to PSG, as shown in this study.
The agreement of sleep perception between apneic and
non-apneic individuals was also found previously, which
reinforced that sleep perception was not a good parameter
for assessment of the presence of OSA (7).

Perception studies are more frequent with insomnia,
since the discrepancy between perceived sleep and measured
sleep in these patients has been widely described (2,6).
The literature concerning the analysis of respiratory sleep
disorders is controversial, since higher sleep efficiency has
been found in the group with isolated OSA (without asso-
ciated insomnia) despite demonstrating the worst AHI and a
high index of arousal (8). Other authors reported data similar
to the data obtained for insomniacs, with an overestima-
tion of sleep latency and an underestimated TST (25,26).
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Figure 3 - Boxplot comparing the sleep onset time (subjective data, PSDCI) and sleep latency (PSG) in minutes separated between
apneic (AHI>5) and non-apneic patients using Wilcoxon’s non-parametric test. PSDCl: Post-Sleep Data Collection Instrument. PSG:
polysomnography.
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Figure 4 - Boxplot comparing the perception of how much the individual slept (PSDCl) and the total sleep time (PSG) separated
between apneic (AHI>5) and non-apneic patients using the non-parametric Wilcoxon test. PSDCI: Post-Sleep Data Collection Instru-
ment. PSG: polysomnography.
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The present study presented a miscellany of these reports,
with no difference in the TST in apneic patients compared to
the polysomnographic data (2) and an overestimation of the
sleep latency, which was significant in both the apneic and
non-apneic patients.

Conversely, the association between OSA and complaints
of insomnia was high, with a range from 42% to 51.8%
(35-37). This finding also led to an alteration in sleep percep-
tion (worse in insomniacs, intermediate in insomnia comorbid
to OSA, and in a lower proportion in patients with isolated
OSA), thereby establishing a continuum of poor perception (2,38).

Some hypotheses have been reported for nocturnal sleep
apnea amnesia, since intermittent hypoxia itself is a factor
capable of affecting memory (spatial and working), even in
young adults with no comorbidities (38), in addition to OSA
disrupting deep sleep and the reduction of REM sleep.
Therefore, by not completing a sleep cycle, the perception
can be altered to the point where the sleep period is con-
sidered as wakefulness (when the patient is awakened
during REM sleep). In addition, a quality sleep report did
not correlate with the OSA severity (7), which was consistent
with our results in which the OSA severity did not correlate
with a poorer sleep perception.

Arousals (duration of less than 15 seconds) are not per-
ceived as interruptions of sleep by the cerebral cortex, and
therefore there is no correlation with the awakenings
reported by the patient. However, a high arousal index
may be indicative of the presence and severity of apnea and
other possible sleep disturbances. In an experimental model,
healthy participants were subjected to moderate respiratory
overload, and the increase of arousals correlated with an
increase in the perception of the sleep onset time (39). In the
present study, the high frequency of arousals correlated with
the presence of OSA but did not affect the perception of sleep.

The sample includes 58.0% apneic patients, which can be
attributed to the selection of patients referred to the clinic by
physicians to perform PSG. The high prevalence of OSA is
also expected due to the considerable frequency of obese
people in this population (62.5%). The prevalence of apnea in
obese individuals is increased, reaching 85.7% in obese class
III patients who are awaiting bariatric surgery (40).

The limitations of this study included the use of medica-
tions, diagnosis of other associated sleep disorders (mainly
insomnia) and possible comorbidities that were not eval-
uated. The architecture of sleep was not studied to verify
differences between groups.

The strength of this study is that it demonstrates a concern
about the usefulness of subjective evaluation for respiratory
sleep disturbances. Except for the use of the STOP-BANG
questionnaire, subjective evaluation of daytime sleepiness,
sleep quality, and perception of onset and total sleep time are
not important parameters for the diagnosis of obstructive sleep
apnea, reinforcing the need for an active search and objective
measurements for better sleep management of these patients.
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