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Abstract
Background: One of the most prevalent sleep disorders is obstructive sleep apnea (OSA). Patients with OSA have
increased risk of car and work place accidents which may be attributed to cognitive impairment due to poor sleep
quality. Thus, there is an increasing need to implement simple, reliable and rapid screening for cognitive
impairment in OSA patients.
Objectives: To assess auditory event-related potentials (ERPs) and quantitative electroencephalography (QEEG) as
screening tools for detection of cognitive impairment in OSA patients taking circadian effects into consideration.
Subjects and methods: Twenty OSA patients as well as 20 gender- and age-matched volunteers were subjected
to trail making test (TMT), auditory ERPs and QEEG before and after at least 6 h polysomnographic recording.
Correlating electrophysiological tools with TMT and clinical parameters was done as well
Results: Statistically significant changes in P300 latency and reaction time, in addition to occipital alpha power
were noted in cases; however, TMT failed to detect such changes. Electrophysiological results were not constantly
correlated to clinical parameters.
Conclusion: Auditory ERPs and QEEG before and after polysomnography can be of benefit as cognitive screening
test for suspected cognitive impairment in OSA patients.
Keywords: Obstructive sleep apnea, Cognitive impairment, Event related potentials, Quantitative EEG, Cognitive
screening tests

Introduction
Impaired cognitive function may arise from interrupted
or poor sleep quality resulting from sleep disorders such
as obstructive sleep apnea (OSA) [1].
The OSA is responsible for affection deficit, decline of
memory and executive dysfunction [2]. This can clarify
why OSA patients have up to ten times increased risk of
car accidents and at least double risk of workplace accidents [3, 4]. Identifying at risk patients who are more
prone to accidents is clinically challenging due to lack of
correlations between symptoms and disease severity [5].
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Simple, reliable and rapid screening for cognitive impairment in OSA is needed to avoid life-threatening hazards.
Late cortical potentials are non-invasive monitoring
tools for the cognitive functions [6]. The P300 generation entangles attention and memory-related tasks [7,
8]. Additionally, alpha rhythm is an announced component of brain activity and, thus, presents a preliminary
form of data transmission in the brain [9]. Various works
researching event-related potentials have assured a directly proportionate relation between alpha frequency
from one side and the data processing speed as well as
cognitive performance quality [10, 11]. Clinically, cognition can frequently be assessed using many tools as
Mini–Mental State Examination (MMSE) and Trail
Making Test (TMT) [12].
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EEG frequencies and P300 wave are variable and
changeable according to circadian processes which in
turn are responsible for changes in cognitive performance. These alterations are regulated by suprachiasmatic
nucleus of the hypothalamus [13], hence more than one
recording distributed at day and night might be more
sensitive to detect cognitive impairment.
The objective of this study is to assess electrophysiological tests (P300 and quantitative electroencephalography,
QEEG) as screening tools for detection of cognitive impairment in OSA patients and correlating them with symptoms
and disease severity. Circadian effect on these tests is to be
studied as well to optimize timing of performance.

Subjects and methods
This is an observational case control study, carried out
on 20 OSA patients as well as 20 healthy sex- and agematching volunteers. Subjects were recruited from the
University Hospitals, in the period from January 2015 to
January 2017. The study was conducted at the Clinical
Neurophysiology lab of the University Hospitals. The experimental method was approved by the Faculty Research Ethics Committee on May 30th, 2015; a written
consent was signed by the subjects, and a clinical trial
registration number was issued.
This study included subjects who were more than 18
years old, suffering from symptoms suggestive of excessive daytime sleepiness (EDS) according to the international classification of sleep disorder defintion, having
an Epworth Sleepiness Scale (ESS) score of more than
10 [14], normal neurological examination and with
Apnea Hypopnea Index (AHI) of more than 5.
Subjects having EDS secondary to any other sleep
disorder; chronic deblitating disease; EEG slowing;
on medications that could affect attention or vigiliance as benzodiazepines, anti-psychotics or stimulants; and MMSE of less than 27 were excluded.
Subjects were submitted to clinical assessment (history
taking including complaint analysis, history of drug intake, body mass index calculation as well as general and
neurological examination), MMSE [15]. and ESS [16].
As well, subjects performed sleep study (polysomnography, PSG); the used machine was a digital package (Somnologica, USA) with serial number (F131036-SL) and
version 3.2 (Build 1451) on a personal computer, using
Microsoft windows XP® platform. Night PSG was done
with 6–8 h average duration of recording. All traces were
manually scored in 30-s epochs according to the recommendations of the American Academy of Sleep Medicine
(AASM) Manual for the scoring of sleep and associated
events [17].
TMTs A and B, P300 and QEEG were performed before and after sleep. The TMT evaluates cognitive state
of the patients at a certain moment. They were done just
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before sleep and 45 min after wakefulness to avoid sleep
inertia [18]. For Scoring Trails A and B tests, a time over
3 min or > 1 error respectively is a failure.
As for P300 potential, it was recorded using auditory oddball paradigm in which the subject was
instructed to press a button whenever he hears the
rare target tones which are randomly mixed with the
common standard tones. The frequency of the common tone was 2 KHz, while that of the rare tone was
1 KHz with a total number of 150 tones divided into
30 (20%) rare and 120 (80%) common tones, intensity of all tones were adjusted at 85 dB. The used
machine is Nihon Kohden, Japan; Neuropak MEB9200G/K EP/EMG measuring system (Neuropak M1)4 channels-versions 08.11. The surface scalp electrodes where applied according to the 10–20 international system with active electrode at Cz, reference
at either mastoid (M) processes and a ground electrode on the forehead. The electrode impedance was
kept below 5 KΩ. The gain was initially set at 50 μV
per (vertical) division, the monitor time was 0.2 s and
the band pass was 0.1 Hz (low cut) and 50 Hz (high
cut). For each subject, the P300 latency, amplitude
and reaction time (RT) were obtained before and
after sleep study.
Finally, EEG recording was carried out while the patient was lying in a dorsal recumbent position, in a
semi-illuminated quiet room, with his eyes gently closed.
In a separate control room, the video EEG was continuously monitored by a technologist, utilizing a videoelectroencephalograph system with an EB-Neuro Galileo
NT, PMS, USA machine (its serial number is
DAUNL7HQ4NUSFG with model Mizar.B8351037899.Version 3.61). A cap was used for recording. The high
frequency filter was 70 Hz, and time constant was 0.3 s.
The impedance was kept below 5 KΩ.EEG was done for
30 min duration before and after sleep recording.
Artifact-free epoch of 10-s duration in a common average reference montage was selected for QEEG analysis,
during wakefulness resting state with closed eyes. These
epochs were selected from EEG record which was done
twice; before and after sleep.
The absolute power of 2 electrodes (O1 and O2) was
studied in the alpha band [8–13] c/s. In each EEG recording, alpha attenuation test (AAT) was done after 10
min of recording basal resting EEG. In this test, the participants were instructed to open their eyes and stare at
a small postcard on the wall for 2 min then close their
eyes again. This test depends on the fact that alpha
waves are evoked mainly in the occipital region with relaxation closing the eyes and attenuates when the subject
opens his eyes and concentrates in any task so the power
of alpha band during this test is decreased. The test is
performed to insure a high arousal level [19].
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Statistical analysis

Data were coded and entered using the statistical package
Statistical Package for the Social Sciences (SPSS; IBM SPSS
Statistics for Windows, Version 24.0, 2016; Armonk, NY:
IBM Corp.). Data were summarized using mean, standard
deviation, median, minimum and maximum in quantitative
data and frequency (count) and relative frequency (percentage) for categorical data. Quantitative variables comparisons were done using the non-parametric Mann–Whitney
test. The non-parametric Wilcoxon signed rank test was
used for serial measurements within each patient [20]. For
comparing categorical data, chi square (χ2) test was performed. Exact test was used instead when the expected frequency is less than 5 [21]. Spearman correlation coefficient
was used for quantitative variable correlations [22].

Results
The study group included 20 cases (4 females and 16
males) with mean age of 45.45 ± 7.6 years and the BMI
mean was 31.97 ± 4.26 kg/m2. While the control group
included 20 subjects (5 females and 15 males), with a
mean age of 41.95 ± 7.29 years and their body mass
index (BMI) mean of 29.58 ± 5.64 kg/m2. There were no
statistically significant difference regarding age, BMI and
gender, with P value = 0.151, 0.076 and 1.0, respectively.
The PSG of all cases showed OSA syndrome with
Apnea–hypopnea index (AHI) mean value 20.26 ± 9.26/h
and sleep efficiency mean value 88.01 ± 11.80%, while
the control group had AHI mean value of 1.52 ± 1.66/h
and mean sleep efficiency of 83.01 ± 9.16%, ± 0.66. Sleep
efficiency (%) showed no significant difference between
both groups.
All cases had normal MMSE with mean value of
29.45 ± 0.89; as for the controls, MMSE was 29.70. No
statistically significant difference between both groups (P
value = 0.29).
The ESS was markedly higher in cases than the
control groups with high statistically significant difference (P < 0.001), 14.5 ± 4.98 in cases compared to
2.20 ± 2.07 in controls.
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Comparing “the before sleep P300 and TMT” as well
as “the after sleep P300 and TMT” of both groups are
shown in Table 1.
The P300 latency and mean RT—both measured in
milliseconds—after sleep were significantly earlier than
its value before sleep with statistically significant difference (P value < 0.001), but comparison of P300 amplitude before sleep (9.16 ± 5.33 μV) with that after sleep
(10.07 ± 5.81 μV) showed no significant difference (P =
0.441). Additionally, there was significant reduction of
duration of TMTA and B—measured in seconds—results after sleep in comparison to that before sleep with
P = 0.044 and P < 0.001, respectively.
The mean of P300 latency—measured in milliseconds—was more delayed after sleep than that before it,
showing highly significant difference (P < 0.001). Additionally, the RT—measured in milliseconds—value was
more prolonged after sleep than before it, giving a highly
significant difference (P < 0.001). Also, no significant difference (P = 0.07) was detected in comparing P300 amplitude before (12.0 ± 7.87 μV) with after sleep (16.20 ±
9.67 μV). Finally, comparison of TMTA and B results—
measured in seconds—showed reduction of its duration
after sleep, with high statistically significant difference
(P < 0.001).
Table 2 shows the comparison of EEG epochs during
resting state and also during AAT between the case and
control groups before and after sleep in the average of
occipital alpha band.
No significant correlations were found between TMT
results and P300 latency difference, RT and occipital
alpha difference in the case group. Also, no significant
correlation was found between occipital alpha difference
and P300 latency difference. (P = 0.408; r = 0.196).
Correlations of electrophysiological tools with clinical
parameters (ESS and AHI) showed that occipital alpha
difference has a significant positive correlation in cases
with ESS (P = 0.022, r = 0.509) and no significant correlation with AHI (P = 0.167) (r = 0.321).
Regarding P300 latency difference in cases—measured
in milliseconds—a significant positive correlation was

Table 1 Comparison between P300 and TMT in cases and controls
Before sleep

After sleep

Cases (n = 20)

Control (n = 20)

P
value

Cases (n = 20)

Control (n = 20)

P
value

Mean

SD

Mean

SD

Mean

SD

Mean

SD

P300 L (ms)

346.15

27.39

371.00

28.84

0.018*

369.85

22.92

351.60

26.27

0.02*

P300 A (μV)

12.00

7.87

9.16

5.33

0.289

16.20

9.67

10.07

5.81

0.013*

Mean RT (ms)

507.30

131.85

491.65

78.31

0.221

596.95

135.84

464.30

93.65

0.003*

TMT A (s)

89.80

40.39

80.50

29.71

0.718

70.40

38.20

73.05

25.39

0.369

TMT B (s)

122.60

32.05

118.75

29.94

0.698

103.95

29.48

101.85

29.34

0.64

L latency, ms millisecond, A amplitude, μV microvolt, RT reaction time, TMT trail making test, s second
*Statistically significant

(2020) 56:25

Nada et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

Page 4 of 8

Table 2 Comparison of occipital alpha power baseline and AAT within each of cases and controls

Average alpha O (baseline μV2) in control

Median
before sleep

Median
after sleep

P value

6.76

18.37

0.97

Average alpha O (AAT μV ) in control

1.80

2.45

0.709

Average alpha O (baseline μV2) in cases

18.07

12.68

0.03*

Average alpha O (AAT μV ) in cases

1.95

2.36

0.1

2

2

O occipital, μV2 squared microvolt; power, AAT Alpha Attenuation Test
*Statistically significant

found between it and AHI (P = 0.016, r = 0.532). No significant correlation was found between RT difference
and AHI (P = 0.079, r = 0.402). Also, no significant correlation was found between P300 latency difference and
ESS (P value = 0.340, r = 0.225) or RT difference and the
ESS (P = 0.454, r = 0.177).
Finally, correlation between each sleep stage percentage (S1, S2, S3 and REM) of each patient, with P300
latency difference between (before and after) sleep in
milliseconds, P300 reaction time difference between
(before and after) sleep in milliseconds and average baseline occipital alpha power (μV2) in cases, is shown in
Table 3.

Discussion
Screening tools for patients of OSA are required to detect
those with cognitive affection as there is a discrepancy between severity of disease and cognition impairment. This
screening may be applied especially to population at risk
like drivers, shift workers, people with transportation jobs
and health care professionals [14, 23].

There are different methods used to detect this cognitive impairment like driving simulators which are the
gold standard but is time consuming, expensive, and not
easily available in all health facilities [24]; others include
psychomotor vigilance test (PVT), one of the leading
paradigms used to test vigilant attention, which is easily
applicable in clinical populations, but with the presence
of a motor response, represents difficulties in use in uncooperative patients [25].
Event-related potentials (ERPs) have been used as a
neurophysiological marker of information processing,
discrimination, and working memory [26].
Furthermore, QEEG techniques have been used in
differentiation between cognitive impairment and normal aging especially when the abnormality is rather
borderline or subtle [27]. QEEG also has been validated as a reliable indicator of mild cognitive impairment (MCI) [28].
P300 shows significant diurnal variations in P300 latency and amplitude at Pz was observed; it was found
that P300 latency was significantly longer at 08:00 than
at 11:00, 17:00, and 20:00. Also, it was found that P300

Table 3 Correlation between sleep stage percentages with P300 differences and average baseline occipital alpha power
S1 (%)

S2 (%)

S3 (%)

REM

Correlation coefficient

0.326

− 0.352

− 0.046

− 0.178

P value

0.173

0.140

0.852

0.465

Correlation coefficient

− 0.133

− 0.077

0.218

− 0.060

P value

0.586

0.753

0.370

0.807

Correlation coefficient

0.014

0.240

− 0.125

− 0.113

P value

0.955

0.323

0.611

0.644

Correlation coefficient

− 0.035

0.258

− 0.021

− 0.065

P value

0.887

0.286

0.932

0.790

Correlation coefficient

0.030

− 0.194

0.290

− 0.039

P value

0.904

0.426

0.228

0.874

P300 latency difference

P300 reaction time difference

Average O alpha (baseline power before sleep)

Average O alpha (baseline power after sleep)

Average O alpha difference

O occipital
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latency was prolonged after sleep deprivation as occurred in OSA patients [29]. Regarding QEEG, it is affected by this circadian process; during wakefulness, it
shows marked circadian variation in nearly all frequencies. It was found that the decrease in alpha activity during wakefulness is corresponding to wake-dependent
reduction in alertness and cognitive functions [30].
The aim of the current study was to assess electrophysiological tests (P300 and QEEG) as screening tools
for detection of cognitive affection in OSA patients and
correlating them with symptoms and disease severity.
Circadian effect on these tests is to be studied as well to
optimize timing of performance.
In the current study, the case group demography
agrees with literature. The higher male percentage is in
agreement with Strohl and Redline’s findings [31]. The
relatively old age agrees with [32], who hypothesized that
risk of having OSA increases with age which may be due
to increased length of the soft palate, fat deposition in
the para-pharyngeal region and changes in body structures that surround the pharyngeal tissue [33]. Finally,
regarding the high BMI, this comes in agreement with
the worldwide epidemiologic studies about body weight
(BMI > 25 kg/m2), which was considered as the strongest
risk factor for OSA [34]. Punjabi in 2008 stated that
every 10% increase in the body weight leaded to an increase of the AHI by 32% and a six-fold increase in the
risk of developing AHI to severe OSA.
In the current study, P300 latency and RT in the cases
were prolonged than controls (regarding the comparison
of after-sleep results). Clinically, it was found that as the
sleep became more disrupted and fragmented, the performance on attention and vigilance tests in addition to
memory and learning became more impaired [35].
In contrast to previous studies, the P300 latency was
significantly earlier in the cases compared to the controls
(regarding before-sleep results comparison). Authors
suggest that normal circadian changes of cognition in
controls showed the least level of cognition before sleep
and highest level would be after their sufficient night
sleep, so that disruption of this normal circadian change
in the cases could demonstrate unexpected P300 latency
before sleep in cases.
Comparison of the P300 amplitude between cases and
control before sleep showed no significant difference, but
when comparing the case and control groups P300 results
after sleep, it was found that the amplitude of P300 is relatively higher in the cases than its corresponding value in
the control group. This could be explained by the relatively more synchronized electrical brain status in cases
than in controls due to their morning drowsiness compared to more vigilance of the control group. This is supported by previous suggestion that EEG content was still
close to sleep, so that the more synchronized the EEG
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after awakening, the more the reduced level of arousal and
the more deficient the performance speed and accuracy in
sleep-deprived patients and only performance speed affection in normal people [36].
Comparison of P300 amplitudes before and after sleep
within each of the case and control groups showed no significant difference. This agrees with Cote and colleagues’
study [37] that showed that there were no changes in
P300 amplitude recording after two nights of sleep fragmentation. On the other hand, current results contradicts
El Gohary and colleagues’ results, that showed reduction
of P300 amplitude recorded after sleep than its result before sleep in the cases with OSA, while the control group
showed increase in P300 amplitude after sleep than before
it [38]. These heterogeneous findings may reflect the different sensitivity of the P300 to variable manipulations
such as sleep fragmentation [39]. Also, it was found that a
single measurement of P300 may not be enough and that
several recordings may unmask subtle changes [38].
In our study, comparison of after sleep P300 values to
before it in the cases, revealed that non-restorative fragmented sleep led to prolongation of P300 latency and
RT values. Our results agreed with other studies that reported prolongation of P300 latency in OSA patients,
with persistence of these abnormal changes months,
even, after treatment with continuous positive airway
pressure (CPAP) [40].
Regarding results of QEEG analysis in the cases, they
showed significant reduction of the average absolute
power (μV2) of occipital alpha after sleep than before it
(P < 0.025), while the control group showed no significant change in their alpha power after sleep in comparison to before results.
This agrees with results of D’Rozario and colleagues’
study, which was done for OSA patients. In such study,
resting awake EEG with closed eyes was recorded every
2 h, after 40 h of extended wakefulness (using 6 referential derivations C3, C4, Fz, Cz, Pz, Oz). QEEG analysis of
those patients with OSA showed significantly lower
mean power of alpha frequency band than that of the
control group [41]. Such EEG changes represent reduction of vigilance of OSA patients [42].
Furthermore, results were similar to those of Smith
and colleagues’, who studied the effect of overnight extended wakefulness on EEG in healthy subjects and 5–
40 min resting EEG recording sessions with eyes closed
(from 11:00 pm to 5:00 am) were done. Decreased occipital alpha power over the occipital region was noticed
indicating the classic signs of drowsiness (that increased
approximately linearly over the course of studied night),
which demonstrated and supported absolute alpha
power reduction in current study cases as well as demonstrated the insignificant changes in alpha power in the
control group [43].
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In agreement with the current study, QEEG results,
those of Kwak’s study, where there was reduction of
alpha power in patients with mild cognitive impairment
(MCI) in comparison with elderly subjects without cognitive complaints [44].
Grenèche and colleagues’ study results were contrary
to previous results as regard the absolute alpha power in
OSA patients after 24 h of sleep deprivation [45]. It was
obviously higher in OSA patients in comparison to that
in controls. This increase in alpha power may be demonstrated by the compensatory process hypothesis which
was contrary to our result hypothesis and stated that
sleep-deprived subjects pay much effort to stay awake
and prevent their sleepiness, leading to paradoxical rebound of alpha EEG power [46].
The mechanism of the reduction of alpha power in
OSA patients after sleep could be attributed to hypoxia
occurring during sleep in such patients (especially those
with severe type) that causes slowing of EEG power [42].
Also, P300 affection in our patients of OSA could be attributed to recurrent nocturnal hypoxemia. Hypoxemia
leads to neuronal damage in multiple brain regions as
frontal lobe. Significant association was found between
hypoxemia and some cognitive deficits in the form of
impaired attention, slow speed of information processing
and executive dysfunctions [47].
In the current study, TMT results of the case and control groups (before-with-before and after-with-after
sleep) showed no statistically significant differences.
Also, before-to-after sleep comparison failed to detect
any abnormality; on the contrary, they improved after
sleep. This agrees with results of Gelir and colleagues,
who investigated the effect of OSA on cognition. Their
TMT results showed no statistically significant difference between patient and control groups in any of
TMT-A trial or the first or second trials of TMT-B [48].
A significant positive correlation was found in the
cases of this study between the difference of average occipital (O) alpha power and ESS score, which agrees with
Xiromeritis and colleagues, who studied the correlation
between ESS score and alpha relative power in OSA patients and recorded the EEG during wakefulness in the
morning (8 am) after polysomnographic recording in the
previous night [49].
Another significant positive correlation was found in
our study between P300 latency difference (between before and after sleep) and AHI in the cases. This is in
agreement with the result of Zou and colleagues’ study
which found a significant positive correlation between
P300 latency and AHI in OSA patients [50]. Contrary to
this result was that found by Inoue and colleagues, who
studies the correlation between P300 latency (which was
done just prior to MSLT recording at 14:00) and apnea–
hypopnea index and arousal index in untreated severe
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OSA patients and found no correlation [51]. This contrary result may be due to the use of patient with different disease severity or the use of value of only single
recording of P300, not the difference between before
and after sleep values in our study.
However, some limitations of the current study
should be noted. First limitation is that the study included patients with mild and moderate sleep apnea.
The lack of severe sleep apnea cases did not allow comparison of severity of cognitive impairment among all
groups of apnea patients. Second one is that the results
of sleep efficiency analysis were more or less in the normal range, which comes along with the beforementioned limitation of lack of severe cases. Thus, further studies in this domain, on a larger number of patients, are strongly recommended.

Conclusion
Evening as well as morning recording of P300 latency,
RT and occipital alpha is more sensitive than a single recording in detecting cognitive impairment in OSA patients. However, P300 amplitude and TMT tests are not
sensitive tools for screening of cognitive impairment in
OSA patients.
Adding auditory ERPs and QEEG before and after
PSG test, requested for suspected OSA, can be used as
rapid screening for cognitive impairment as AHI and
ESS score do not necessarily reflect cognitive state.
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