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Abstract 

Background: Non‑restorative sleep is the major cause of excessive daytime sleepiness and causes injures of the 
central nervous system. The most common cause of Excessive day sleepiness in a clinical setting is obstructive sleep 
apnea. Sleepiness scales can assess multiple aspects of the sleep and include subjective and objective measures. The 
present study aim to disclose the capability of quantitative electroencephalography to screen, as well as to know the 
pathogenesis of non‑restorative sleep in patients with excessive day time sleepiness.

Results: Twenty obstructive sleep apnea patients and 20 healthy control subjects were recruited. All patients were 
subjected to Epworth sleepiness scale and polysomnography. Quantitative electroencephalography and Karolinska 
sleepiness scale were done before and after sleep for patients as well as controls. The patients group revealed a sig‑
nificant power reduction in delta and alpha bands, comparing before and after sleep records. Interestingly, there was 
a significant change in delta power in the temporal delta waves power. Yet, the changes were opposite among cases 
(significant decrease) versus controls (significant increase). In addition, there were significant correlations between 
sleepiness scales; Epworth sleepiness scale and Karolinska Sleepiness Scale scores, and alpha band results in quantita‑
tive electroencephalography.

Conclusion: Quantitative electroencephalography with further research, could provide us with clues to the patho‑
genesis of EDS and non‑restorative sleep accompanying OSA and an objective screening tool.

Keywords: Non‑restorative sleep, Quantitative EEG, Polysomnogram, Karolinska sleepiness scale, Epworth sleepiness 
scale

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Background
Non-restorative sleep and fragmented sleep can produce 
functional and structural injuries of the central nerv-
ous system mainly the prefrontal cortex (PFC) [1]. Neu-
roimaging indicated functional brain alterations in the 
inferior parietal cortex and superior parietal lobule, fol-
lowing acute sleep deprivation [2]. Lower prefrontal gray 
matter volume has been associated with greater sleep 
fragmentation in older individuals [3]. Fragmentation 
of sleep decreases the efficacy of its homeostasis in the 
central nervous system (CNS) and alteration of neuronal, 
synaptic and glial viability in certain regions responsible 

for memory, concentration and sleep areas in the brain as 
prefrontal cortex, hippocampus, insula and amygdala [4].

Non-restorative sleep is the major cause of excessive 
daytime sleepiness (EDS), defined by the International 
Classification of Sleep Disorders, Second Edition as “the 
inability to stay awake and alert during the major wak-
ing episodes of the day, leading to unintended lapses into 
drowsiness or sleep” [5]. Its prevalence was 20% of the 
population [6]. The patients of EDS are at risk of motor 
vehicle and work-related accidents [6, 7].

The Sleep Apnea Hypopnea Syndrome SAHS, and 
other forms of sleep disordered breathing (SDB), leads 
to sleep fragmentation and excessive day sleepiness. In a 
clinical setting obstructive sleep apnea (OSA) is the most 
common cause of EDS [8]. Other causes of EDS are nar-
colepsy and primary hypersomnia.
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In SAHS, there are momentary cessations in breath-
ing rhythm (apneas) or momentary or sustained reduc-
tions in the air flow (hypopneas), sufficient to cause 
significant arterial hypoxemia and hypercapnia [9].

Sleepiness can be assessed subjectively by sleepiness 
scales as Epworth sleepiness scale (ESS) and Karolinska 
Sleepiness Scale (KSS) [10]. Objectively using actigraphy 
that provides useful measures of sleep patterns. In addi-
tion, there are neurophysiological tools for its assessment 
but time consuming as the patient must spend a night 
sleeping in the lab as polysomnography (PSG), multiple 
sleep latency test (MSLT), maintenance of wakefulness 
test (MWT) and Pupillometry [11]. Other methods for 
assessment of hypo vigilance are heart rate variability 
(HRV) and Combined EEG-fMRI which could be expen-
sive. Driver drowsiness could be detected using the Eye-
lid closure degree (ECD) either video-based or by EEG 
sensors [12]. Brain-Machine Interface (BMI) system and 
Near Infrared Spectroscopy (NIRS). Such measures are 
sophisticated in comparison to QEEG. Traffic problems 
could be cut down especially if QEEG is integrated with 
professional driving licensing and professions whom 
hypo-vigilance causes major dangers to themselves or 
their surrounding environment.

The study aims to stand on the capability of QEEG to 
screen, as well as to know the pathogenesis of non-restor-
ative sleep in patients with excessive day time sleepiness.

Methods
This is an observational case control study, carried out 
on 20 OSA patients as well as 20 healthy sex- and age 
matching volunteers. Subjects were recruited in the 
period from January 2015 to January 2017. The experi-
mental method was approved by the Research Eth-
ics Committee, 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, patients were normal neurologically with 
Apnea Hypopnea Index (AHI) of more than 5 and hav-
ing an ESS score of more than 10 [13].

AHI is the number of times you have apnea or hypo-
pnea during one night, divided by the hours of sleep [13].

Normal sleep  An AHI of fewer than five 
events, on average, per hour.

Mild sleep apnea  An AHI of five to 14 events 
per hour.

Moderate sleep apnea  An AHI of 15 to 29 events per 
hour.

Severe sleep apnea  An AHI of 30 or more events 
per hour.

Patients with AHI of more than 5 were included in the 
study. However, patients with fragmented sleep and EDS 
secondary to any other sleep disorder; chronic debilitat-
ing disease or encephalopathy causing EEG slowing or on 
medications that could affect EEG and affects sleep struc-
ture as benzodiazepines, anti-psychotics, or stimulants; 
were excluded.

Patients were clinically assessed; history taking includ-
ing complaint analysis, history of drug intake, body mass 
index calculation as well as general and neurological 
examination. The ESS was performed before sleep [14].

All patients were subjected to sleep study PSG to diag-
nose any sleep disordered breathing and to exclude any 
other causes of EDS as parasomnias. 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® plat-
form. 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 Ameri-
can Academy of Sleep Medicine (AASM) Manual for the 
scoring of sleep and associated events version 2.6 [15]. 
Sleep efficiency and AHI were measured by the PSG.

KSS was done before and after sleep for patients as well 
as controls. It assesses the momentary sleepiness of the 
patients; by asking them to describe their vigilance state 
from between the 10 points of the scale 1 (very alert) to 
9 (very sleepy). It was done just before sleep and 45 min 
after wakefulness [16].

QEEG was carried out, for patients and controls. In a 
separate control room, the video EEG was continuously 
monitored by a technologist, utilizing a video EEG 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 record-
ing. The high frequency filter was 70 Hz, and time con-
stant 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 aver-
age 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 5 
electrodes (CZ, T3, T4, T5, T6,) were studied in the fol-
lowing frequency bands: delta (0.5–3 Hz), theta (4–7 Hz). 
The absolute power of (O1, O2) was studied in the alpha 
(8–12 Hz) band as well. Power bands for each frequency 
were calculated automatically by EB-Neuro QEEG with 
the following equations [17], Alpha Power = 10^(mean
(spectra(alphaIdx))/10); Delta Power = 10^(mean(spec
tra(deltaIdx))/10); where alphaIdx = find(freqs > 8 and 
freqs < 13); and deltaIdx = find(freqs > 1 and freqs < 4).
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Data were coded and entered using the statistical pack-
age 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 maxi-
mum 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-par-
ametric Wilcoxon signed rank test was used for serial 
measurements within each patient [18]. For compar-
ing categorical data, chi square (χ2) test was performed. 
Exact test was used instead when the expected frequency 
is less than 5 [19]. Spearman correlation coefficient was 
used for quantitative variable correlations [20].

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 was no statisti-
cally significant difference regarding age, BMI, and gen-
der, with P value = 0.151, 0.076 and 1.0, respectively.

The ESS was significantly higher in cases than the con-
trol groups with high statistically significant difference 
(P < 0.001), 14.5 ± 4.98 in cases compared to 2.20 ± 2.07 
in controls.

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, 
while sleep efficiency (%) showed no significant differ-
ence between both groups. A baseline digital EEG was 
analyzed using QEEG and compared between cases and 
control. It revealed no significant difference.

There was significant reduction of KSS mean results 
after sleep than before it; from 3.90 to 2.70 (P = 0.021) 
in the cases group and 3.35 to 1.60 in the control group 
(P = 0.001). No significant difference regarding the KSS 
between cases and controls (P = 0.076) (Table 1).

For the control group, comparison of QEEG showed 
that the average power (μV2) of temporal delta waves 
in the baseline EEG record increased in its value after 
sleep (median = 89.96  μV2) in comparison to its value 
before sleep (median = 44.69  μV2) with statistically sig-
nificant differences (P = 0.04) (Table 2). The rest of QEEG 
power analysis showed no significant difference between 
before and after sleep. These data include average tempo-
ral theta, central (theta and delta) and average occipital 
(theta, delta and alpha) during baseline EEG (Table 2).

In cases group, comparing QEEG from before to after 
sleep revealed that the power of the central (Cz) delta 
value was of reduced value after sleep (median = 35.9 
μV2) than before (median = 65.3 μV2) with statistically 
significant difference (P = 0.044). In addition, the aver-
age power (μV2) of temporal delta waves in the baseline 
EEG record showed reduction of its value after sleep 
(median = 26.58 μV2) in comparison to its value before 
sleep (median = 69.10μV2) with statistically signifi-
cant differences (P = 0.025). The average power (μV2) of 
occipital alpha waves reduced after sleep than its value 
before sleep with statistically significant differences 
(P = 0.03). After sleep average power of the occipital 
alpha waves (median = 12.68 μV2) was reduced in com-
parison to its value before sleep (median = 18.07  μV2) 
(Table 3). The rest of QEEG power analysis data showed 
no significant difference between before and after sleep. 
These data include average power of temporal theta, cen-
tral theta and average occipital (theta and delta) during 
baseline EEG.

Correlations of electrophysiological tools with PSG 
and sleep scales (ESS, KSS and AHI) showed that occipi-
tal alpha difference (before and after sleep) has a signifi-
cant positive correlation in cases with ESS (P = 0.022, 
r = 0.509) (Fig.  1). Positive correlation with KSS before 
sleep with (P = 0.005) (Fig. 2).

Table 1 KSS comparison from before to after sleep in both 
groups

*Statistically significant

Control group Cases group P value

Before 
sleep

After sleep Before 
sleep

After Sleep

KSS 3.35 1.6 3.90 2.70 0.076

P value 0.001* 0.021*

Table 2 Comparing QEEG before and after sleep in the control 
group

*Statistically significant

Before sleep After sleep P value
Median Median

Delta CZ (baseline μV2) 25.66 13.4 0.218

Theta CZ (baseline μV 2) 2.42 2.66 0.39

Average temporal delta (baseline 
μV2)

44.69 89.9 0.04*

Average temporal theta (baseline 
μV2)

5.12 5.81 0.126

Average delta O (baseline μV2) 33.0 54.5 0.37

Average theta O (baseline μV2) 6.43 7.49 0.57

Average alpha O (baseline μV2) 6.76 18.37 0.97
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No significant correlation with AHI (P = 0.167) 
(r = 0.321) and KSS after sleep (P = 0.077, r = 0.405).

Discussion
In the study, we found that the main EDS cause was OSA 
and almost all recruited patients were discovered retro-
spectively by PSG to be suffering from OSA, this is agree-
ment with the literature that the most common cause of 
EDS in a clinical setting is obstructive sleep apnea (OSA) 
[7]. Almost all our study demonstrations will be about 
EDS due to OSA.

Our cases group included 20 cases (4 females and 16 
males). This higher male percentage is in, historical, 
agreement with Chan et al. (2003) study that reported the 
prevalence (which is the proportion of the whole affected 

subjects) of OSA according to gender was two to three-
folds major risk for men compared with women in most 
of the population-based studies [19]. Also found higher 
prevalence of OSA in men than women until after the age 
of 50 years, when both genders became at equal risk for 
the disease. Regarding OSA incidence, Strohl et al. (1996) 
reported that the overall incidence of moderate-to-severe 
OSA over a 5-year period was 11.1% in men and 4.9% in 
women [21].

Our cases age ranged from 32 to 58 years with a mean 
age of 45.45 ± 7.6 years. This age range of our study group 
was near to the age group of Tishler et al. (2003) in their 
study of 1190 patients suffering from increased sleepiness 
during daily normal activities which was 36–50 years 
[22]. This age group was also near to many studies as 
Newman et al. (2005) [23].

The risk of having OSA increases with age [24]. This 
may be due to increased length of the soft palate, fat 
deposition in the parapharyngeal region and changes 
in body structures that surround the pharyngeal tissue, 
yet its still observational and needs more research [25]. 
As for the BMI, its mean in our cases was 31.97 ± 4.26 
(kg/m2) and ranged from (32.0 to 58.0  kg/m2) which is 
in agreement with Punjabi et al. (2008) study that found 
that the prevalence of OSA is higher in overweight peo-
ple (BMI > 25 kg/m2). This comes in agreement with the 
worldwide epidemiologic studies about body weight, 
which was considered as the strongest risk factor for 
obstructive sleep apnea [26]. In addition, it was stated by 
Martikainen et al. (1992) that every 10% increase in the 
body weight leaded to an increase of the AHI by 32% and 
a sixfold increase in the risk of developing moderate to 
severe OSA [24].

Table 3 Comparing QEE G before and after sleep in the cases 
group

*Statistically significant

Before sleep After sleep P value
Median Median

Delta CZ (baseline μV2) 65.36 35.92 0.044*

Theta CZ (baseline μV 2 2.42 2.66 0.39

Average temporal delta (baseline 
μV2

69.10 26.58 0.025*

Average temporal theta (baseline 
μV 2

3.71 3.48 0.126

Average delta O (baseline μV2) 66.56 40.19 0.296

Average theta O (baseline μV 2) 5.76 5.37 0.654

Average alpha O (baseline μV2) 18.07 12.68 0.03*

Fig. 1 Positive significant correlation between the difference of EEG 
(Average Occipital O alpha) before and after sleep with ESS in the 
cases. (P = 0.022)

Fig. 2 Positive significant correlation between the difference of EEG 
(Average Occipital O alpha) before and after sleep with KSS before 
sleep in the cases. (P = 0.005)
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Regarding QEEG results, our QEEG analysis it sur-
prisingly showed statistically significant reduction of 
delta waves in the central (Cz) as well as the temporal 
electrodes in the cases, while controls did not show this 
reduction it showed only increase in the delta waves in 
the temporal electrodes. Therefore, likely, patients expe-
riencing EDS due to their fragmented night sleep and 
non-restorative sleep which was presented in the form of 
reduction of the centro-temporal delta power and occipi-
tal alpha power in Eikermann et al. (2007) [27].

The suggested mechanism that demonstrated the 
reduction of delta power in EDS patients secondary to 
OSA after sleep could be attributed to hypoxemia and/
or hypercapnia during OSA as detected by Tufik et  al. 
(2010) who found a correlation between the severity of 
hypoxemia and hypercapnia during the OSA and changes 
in delta power [28].

The reduction in the central and temporal delta power 
of the EEG in our cases after sleep supported the idea of 
non-restorative sleep in EDS patients secondary to OSA. 
According to the synaptic homeostasis hypothesis theory 
of sleep function which stated that learning activities and 
synaptic plasticity acquired during wakefulness state as a 
result, to an increase in the duration of slow wave activity 
in the following night sleep. This theory makes restora-
tive sleep which is reflected in the form of increased 
duration of the central slow waves is important for the 
synaptic strength and its nutrient supply, important for 
grey matter consumption and preservation of learning 
and memory [1].

In OSA patients, because of night sleep deprivation 
and fragmentation, they lost this sleep regulation func-
tion leading to “cerebral overloading” and in turn impair-
ment of their memory and learning abilities. So that these 
changes in delta power in our cases were suggested to be 
a contributor to daytime symptoms of non-alertness and 
non-attentiveness in OSA patients [29].

Our control group showed increase in the absolute 
delta power in the temporal electrodes in comparing 
EEG after with before sleep. This finding agreed also 
with synaptic homeostasis hypothesis; being had a nor-
mal restorative night sleep [1], the control group had 
normal synaptic homeostasis, preventing cerebral over-
loading and so that they had normal day neurobehavioral 
functions.

In contrast to our study results regarding delta power 
spectral analysis in EDS patients—secondary to OSA—
during wakefulness, was Morisson et  al. (1998) study 
that investigated changes of waking EEG in OSA patients 
over 24 h of sustained wakefulness in comparison to 
healthy controls and found that the absolute delta power 
was higher in OSA patients than controls [30], the same 
was found also by Tononi et  al. (2003) in OSA patients 

but after 40  h of extended wakefulness in comparison 
to controls [31]. This increase in delta power could be 
demonstrated by a theory stating that disturbance of 
the restorative power of sleep in OSA patients leading 
to increase in the low frequency bands activity during 
wakefulness, inducing drowsiness and EDS, especially at 
the end of the 24-h period of sustained wakefulness. This 
QEEG finding may be due to the presence of combined 
effects of both acute and chronic sleep deprivation in 
OSA patients in such study with augmentation of sleepi-
ness effects in those patients [30]. This is not the case in 
our study that investigated the chronic night sleep depri-
vation and fragmentation effects in EDS patients second-
ary to OSA.

We also found a significant decrease in the occipi-
tal alpha power in cases (P = 0.03) and positive correla-
tion (P = 0.022) in the cases between the difference of 
average occipital (O) alpha power (between before and 
after sleep) and ESS score explaining un wakefulness 
of the cases on the other day of non-restorative sleep, 
while Grenèche et  al. (2008), who studied the correla-
tion between ESS score and alpha relative power in OSA 
patients and recorded the EEG during wakefulness in the 
morning found that ESS score was negatively correlated 
with alpha relative power; as the patient’s sleepiness level 
increased, the ESS score also increased and in turn the 
alpha relative power decreased [32]. This negative corre-
lation of the author’s results was different from our posi-
tive one. This might be attributed to the use of the relative 
alpha power in QEEG analysis in his study instead of the 
absolute alpha power that we used in ours.

Another statistically significant positive correlation was 
found in the cases group of our study between the differ-
ence of average occipital alpha power (between before 
and after sleep) with KSS before sleep (P = 0.005). This 
is aligning with D’Rozario et  al. (2013) study; in which 
QEEG assessment was done for patients with OSA dur-
ing oral intake of Modafinil with acute withdrawal of con-
tinuous positive airway pressure CPAP for 2 days (CPAP 
was used for the first night and then withdrawn for 2 sub-
sequent nights). It showed significant positive correla-
tion of KSS (subjective alertness assessment) with Alpha/
Delta ratio (absolute alpha power/delta power) and fast 
ratio (Power ratio of (alpha beta)/ (delta theta) but not 
with any of the individual frequency bands [33]. The sig-
nificance of our study lies in its predicting of EDS cases 
that are functioning during the day in critical professions, 
as example driving and healthcare. During the last dec-
ade, lots of literature focused on instantaneous diagno-
sis of hypo vigilance in such professions using various 
electrophysiological modalities, For example hypo vigi-
lance could be detected by heart rate variability (HRV) 
[34], driver drowsiness detector using the Eyelid closure 
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degree (ECD) as a video-based method or using EEG 
sensors instead of video based method as ECD exhibits 
a linear relationship with changes of the occipital EEG 
[35]. BMI system aimed to detect driver drowsiness at its 
early stage by enriching the EEG data with the intensity 
of head-movements [35]. Combined EEG-fMRI studies 
have suggested a close association of fMRI-defined rest-
ing state networks with EEG microstates [36, 37]. As well 
combination of EEG and NIRS, to detect driver drowsi-
ness. EEG, EOG, ECG and NIRS signals [38].

Limitations and recommendations
Sample size could have been larger, yet the patients had 
to spend a whole night at the lab for PSG, which made 
the patients less interested to continue the research.

We are recommending expansion of the study of pre/
vs/post sleep QEEG extensive analysis to reach the most 
valid methodology suggestive of non-restorative sleep.

Conclusion
QEEG can offer a new, easy screening tool in patients 
with non-restorative sleep and hypo vigilance the day 
after. It opens the research in non-restorative and 
EDS pathogenesis. There were significant correlations 
between ESS and KSS scores from one side, and alpha 
band results in Q-EEG from another side. This highlight 
the proximity of these subjective sleepiness scales to 
the EEG background. This emphasizes that QEEG, with 
further research, will probably be added to sleepiness 
screening tools, with the privilege of being an objective 
test.
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