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MODAFINIL IMPROVES PERFORMANCE IN OSA DURING CPAP WITHDRAWAL

Modafinil Increases Awake EEG Activation and Improves Performance
in Obstructive Sleep Apnea during Continuous Positive Airway Pressure

Withdrawal
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Objectives: We examined the changes in waking electroencephalography (EEG) biomarkers with modafinil during continuous positive airway
pressure (CPAP) withdrawal in patients with obstructive sleep apnea (OSA) to investigate neurophysiological evidence for potential neurocognitive
improvements.

Design: Randomized double-blind placebo-controlled crossover study. CPAP was used for the first night and then withdrawn for 2 subsequent
nights. Each morning after the 2 CPAP withdrawal nights, patients received either 200 mg modafinil or placebo. After a 5-w washout, the
procedure repeated with the crossover drug.

Setting: University teaching hospital.

Participants: Stable CPAP users (n = 23 men with OSA)

Measurement and Results: Karolinska Drowsiness Test (KDT) (awake EEG measurement with eyes open and closed), Psychomotor Vigilance
Task (PVT), and driving simulator Performance were assessed bihourly during the 3 testing days following CPAP treatment and CPAP withdrawal
nights. Compared to placebo, modafinil significantly increased awake EEG activation (faster EEG frequency) with increased alpha/delta (A/D) ratio
(P <0.0001) and fast ratio = (alphatbeta)/(deltat+theta) (P < 0.0001) across the 2 days of CPAP withdrawal. The A/D ratio significantly correlated
with the driving simulator response time (P = 0.015), steering variation (P = 0.002), and PVT reaction time (P = 0.006). In contrast, individual EEG
band power of alpha, beta, theta, and delta did not correlate with any neurocognitive performance.

Conclusions: Modafinil administration during continuous positive airway pressure (CPAP) withdrawal increased awake EEG activation, which
correlated to improved performance. This study provides supporting neurophysiological evidence that modafinil is a potential short-term treatment
option during acute CPAP withdrawal.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common disorder that
may lead to excessive daytime sleepiness, reduced neuro-
cognitive function, and decreased quality of life.* Untreated
OSA is also a significant contributor to motor vehicle crashes.’
As the gold standard treatment for OSA, continuous positive
airway pressure (CPAP) has been reported to reverse daytime
sleepiness and impairment in cognitive function, including
simulated driving performance in patients with OSA.*> How-
ever, adherence to CPAP is low and temporary withdrawal
from CPAP therapy is common because of travel, shift work,
mask-related problems, nasal irritation, or respiratory infec-
tions.*” Acute CPAP withdrawal results in the relapse of sleep
disordered breathing and the associated symptoms.®’

Previously, using a randomized double-blind placebo-
controlled crossover design, we demonstrated that acute
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administration of modafinil, a wakefulness promoter, can im-
prove performance on a driving simulator and sustained atten-
tion task, and subjective alertness in patients with OSA during
acute CPAP withdrawal.® Data were collected and analyzed
from the AusEd driving simulator (Woolcock Institute, Sydney,
Australia), Psychomotor Vigilance Task (PVT, Ambulatory
Monitoring, Inc., Ardsley, NY), and Karolinska Sleepiness
Scale (KSS).® Although the waking electroencephalography
(EEG) was also performed during this study, the results were
not analyzed in our original report because they were not clas-
sified as a clinical outcome.® However, changes in waking EEG
may relate to neurobehavioral improvements. Although there
are limited studies available, quantitative analysis of EEG
(QEEG) / power spectral analysis (PSA) has shown interesting
links between awake EEG spectral activity, daytime sleepiness,
and neurobehavioral performance.” " For example, a new EEG
biomarker of detrended fluctuation analysis (DFA) scaling ex-
ponent significantly correlated with driving simulator perfor-
mance and self-rated sleepiness in sleep deprived patients with
OSA and control subjects.” Patients with OSA had a higher
DFA scaling exponent and delta power during wakefulness
than controls.” Also, there is a significant cross-correlation be-
tween reduced hypercapnia, faster EEG activity (reduced EEG
delta/alpha ratio), and reduced daytime sleepiness in patients
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Figure 1—Diagram of the study procedure. Neuro-Tests indicate numbers of the bihourly testing sessions of Karolinska Drowsiness Test, Psychomotor
Vigilance Task, AusEd driving simulator, and Karolinska Sleepiness Scale in each testing day. D, day; Db, baseline day; N, night; Nb, baseline night; ovals,
administration of 200 mg modafinil; rectangles, administration of placebo; CPAP, continuous positive airway pressure.

with severe sleep disordered breathing using positive airway
pressure treatment.'

The current study is an investigation of the mechanism for
the clinical effect seen in our trial.® We investigated whether
modafinil alters waking EEG activity during CPAP withdrawal
in order to elucidate relevant brain neuroelectrical mecha-
nisms of the neurocognitive improvement. We also examined
whether EEG biomarkers such as DFA, alpha/delta (A/D) ratio,
fast ratio [the power ratio of (alphat+beta)/(delta+theta)], and
individual EEG frequency bands correlated with the clinical
neurocognitive performance improvements.

METHODS

This randomized double-blind, placebo-controlled, cross-
over study was conducted at the Department of Respiratory
and Sleep Medicine, Royal Prince Alfred Hospital, a major
teaching hospital of the University of Sydney. The protocol
was ethically approved by the Sydney South West Area Health
Service Ethics Review Committee (Protocol No: X04 0091).
The Australian New Zealand Clinical Trials Registry number
is ACTRNI12606000027516. All patients gave written in-
formed consent prior to the study. The primary trial findings of
the effects of modafinil on neurocognitive measures have been
described previously.®

Participants

We recruited 23 male patients with OSA who received a di-
agnosis using overnight polysomnography (PSG) with apnea-
hypopnea index (AHI) > 10 and had successfully used CPAP
for at least 1 y. They were modafinil naive and did not have any
other uncontrolled concurrent medical or psychiatric conditions.
They did not take medications that may have affected alertness.®

Study Protocol

The procedure is summarized in Figure 1. Eligible patients,
after a period of screening, were admitted to the laboratory for
3 consecutive nights. CPAP was administered on the first night,
then withdrawn on the 2 subsequent nights. We defined the “on-
CPAP” night as the baseline night, followed by the baseline day.
The 2 following days were defined as Day 1 and Day 2, re-
spectively. Throughout the baseline day and Day 1, Karolinska
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Drowsiness Test (KDT), driving simulator, PVT, and KSS were
repeatedly administered at 2-h intervals from approximately
08:00 to 20:00 (seven repeated sessions each day). On Day 2,
those tests were performed every 2 h from 08:00 to 14:00 (four
sessions). Patients were randomly assigned to be administered
an oral dose of either 200 mg modafinil or placebo with both of
their breakfasts on Days 1 and 2 (around 07:00).

Following a 5-w washout period, participants repeated the
protocol but received the alternate medication (Figure 1). Study
personnel involved with those procedures/tests or with recruit-
ment of patients never had access or knowledge of the allo-
cation sequence and were blinded to which drug the patients
were receiving. Patients were told that they would be receiving
either modafinil or placebo in random order in each of their
testing weekends. Modafinil and placebo tablets had identical
appearances and were dispensed by a research pharmacist who
had no contact with patients.®

Measurements

Resting awake EEG was recorded during a KDT, which
comprised repeated sessions of 7.5-min EEG recordings.* Each
7.5-min session started with a 2.5-min eyes-open time, then
2.5-min eyes closed, then another 2.5-min of eyes open. Thirty
seconds at the beginning of each 2.5-min segment were dis-
carded from analysis to avoid the artefact caused by patients
settling to the new task after being instructed to change be-
havior. The Alice 4 PSG system (Philip Respironics, Murrys-
ville, PA, USA) was used with a sampling rate of 200 Hz. EEG
recording channels included C3-A2, C4-Al, Fz-A2, Cz-Al,
Pz-A2, Oz-A1l and left and right electrooculogram (EOG).

Other neurobehavioral tests included 2-h repeated sessions
of 30-min AusEd driving simulator,”” 10-min Psychomotor
Vigilance Task (PVT) (Ambulatory Monitoring, Inc., Ardsley,
NY),'* and Karolinska Sleepiness Scale (KSS)."”

EEG Spectral Analyses

The EEG recordings were blindly analyzed by one of the au-
thors (JWK) using internally developed software and validated
methods that have been described previously.”'® Delta, theta,
alpha, and beta bands were defined as the frequency ranges
0.5-4.5 (delta), 4.5-8 (theta), 8—12 (alpha), and 12-32 (beta)
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Hz, respectively. The EEGs were then further exam-
::Sf:(i aﬁaaiﬁ)em?;fe;ii(géﬁrzéﬁg:ﬁg}?jﬁj& Gd Table 1—The effects of modafinil on electroencephalographic biomarkers.
and EEG segments showing excessive delta and/or Mean Change from Baseline (95% Cl)
beta power using a standard statistical rule (i.e., me- Biomarkers Modafinil Placebo P
dian + standard deviation).”'"® For our statistical anal- Eyes Open
yses, we focused primarily on the EEG recorded at Alpha 7.48 (4.80 to 10.16) 8.60 (6.14 to 11.06) 0.55
C3-A2. However, when the C3-A2 channel was con- Beta 10.63 (6.67 to 14.59) 11.27 (7.63 to 14.91) 0.81
taminated by artefact, we used C4-Al as an alter- Theta 720(1.52t012.89)  13.81(8.591019.02)  0.09
native channel. Individual spectral band power and Delta 22.59(-2.6910 47.86) ~ 79.40 (56.22 0 102.58) ~ 0.001
total summed power between 0.5-32 Hz were cal- DFA ) 0.76 (0.74 10 0.77) 0.79(0.78 to 0.81) 0.0008
culated. A/D ratio was calculated as absolute delta Fast rapo 068(0.64100.71) 051(0.48100.55)  <0.0001
) : A/D ratio 0.47 (0.44 to0 0.50) 0.34(0.31100.37)  <0.0001
power/alpha power. Fast ratio was defined as the Eyes Closed
ower ratio of (alphatbeta)/(delta+theta). Detailed
rpilethods of anal(yzrzng DFA) gcaling expz)nent have Alpha 11.11(9451012.77) 9.64 (8.111011.16) 020
: : o Beta 1092 (75110 14.33)  9.00(5871012.12)  0.42
been described previously. Theta 888 (722101055 1014 (861101166)  0.28
Delta 31.84 (2.90 to 60.79) 45.75(19.20t072.30)  0.49
Statistical Analysis DFA 0.67 (0.65 t0 0.69) 0.71 (0.69 t0 0.73) 0.001
Descriptive data were expressed as mean + stan- Fast ratio 0.93 (0.87 t0 0.98) 0.68(0.63t00.73)  <0.0001
dard deviation unless otherwise stated. Mixed- A/D ratio 0.91(0.851t0 0.97) 0.60 (0.54t0 0.65)  <0.0001
model analyses of variance were used to compare Overall
the drug effects on EEG biomarkers overall and at Alpha 9.29 (7.27 to 11.31) 9.12 (7.26 t0 10.97) 0.90
each time point (SAS Institute, version 9.1, Cary, Beta 10.77 (7.25 to 14.30) 10.14 (6.90 to 13.37) 0.79
NC). Within-subject correlations between the EEG Theta 8.04 (4.77 t0 11.32) 11.97 (8.97 to 14.98) 0.08
biomarkers and neurocognitive outcomes were Delta 27.21 (4.87 t0 49.56) 62.57 (42.07 t0 83.07)  0.02
tested with Bland-Altman correlation coefficients DFA 0.71(0.70t0 0.73) 0.75(0.74 t0 0.76) 0.0002
for repeated observations using SPSS (SPSS 21, Chi- Fast ratio 0.80 (0.76to 0.84) 0.60(0.56t0 0.63)  <0.0001
cago, IL, US).2" A P value less than 0.05 was consid- A/D ratio 0.69 (0.65 to 0.73) 0.47 (04310 0.51)  <0.0001
ered significant. Mixed-model analyse of variance was used to compare the electroencephalographic
biomarker changes between modafinil and placebo. A/D ratio, alpha/delta ratio; fast
RESULTS ratio, (alpha+beta)/(delta+theta); overall, average of eyes open and eyes closed; DFA,
Two participants withdrew from the study due to detrended fluctuation analysis; Cl, confidence interval.
CPAP technical difficulties and personal schedule

conflicts. Twenty-one men in whom OSA was diag-

nosed (apnea-hypopnea index [AHI] 48.7 + 23.9/h; age 55 + §
y; BMI 32.7 = 4.1 kg/m?) completed the study. While on CPAP,
the participants’ baseline Epworth Sleepiness Scale (ESS) was
8.7 + 4.0 and residual AHI was 2.6 + 1.2/h. Average CPAP
usage was 7.1 £ 0.8 h. All measured parameters of driving sim-
ulator performance and overall reaction time were improved by
modafinil during CPAP withdrawal. Modafinil also improved
PVT response time and frequency of lapses and improved sub-
jective alertness (KSS). Further patient characteristic details
and results can be found in the main publication.®

The Effect of Modafinil on Awake EEG during CPAP Withdrawal
Compared to placebo, modafinil use resulted in significantly
faster/more active awake EEG during CPAP withdrawal, with
significantly higher A/D ratio and fast ratio and lower DFA
scaling exponent (all P < 0.001) on all three states (eyes open,
closed, and overall, see Table 1). Overall state was calculated
as the average of eyes open and eyes closed states. In con-
trast, except for delta power, individual EEG spectral band
powers did not show major difference between modafinil and
placebo in any state (all P > 0.05, Table 1). Delta power was
lower with modafinil use during eyes open and overall state
(P = 0.001), but that difference was not observed during eyes
closed (P = 0.49). There was a trend toward a reduced theta
power with modafinil during eyes open and overall (P <0.1).
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Figure 2 shows bihourly changes in four key EEG bio-
markers during the 2 days of CPAP withdrawal with the use
of modafinil/placebo (Table 1 shows significant overall dif-
ferences and Figure 2 shows when specifically they occurred).
A/D ratio showed differences in 9 of 11 time points between
the real and placebo drugs. In contrast, fast ratio, DFA scaling
exponent, and delta power only showed significant differences
at 3 of 11, 2 of 11, and 0 of 11 time points, respectively.

Correlation Between EEG Biomarkers and Neurobehavioral
Performance

EEG activation significantly correlated with neurocognitive
performance. As shown in Table 2, during the eyes-closed state,
A/D ratio significantly correlated (P < 0.05) with three of five
key parameters in the driving simulator and PVT performance,
and tended to correlate (P < 0.1) with the remaining two key
parameters. Fast ratio significantly correlated with two of the
key parameters and tended to correlate with two others. The
DFA scaling exponent also significantly correlated with two
of the five key parameters (Table 2). Those correlations were
more apparent during the eyes-closed state. None of the tra-
ditional individual EEG frequency band powers significantly
correlated with any of the neurocognitive outcomes (Table 2).

Similar to the driving simulator and PVT parameters, during
the eyes-closed state, subjective alertness KSS significantly

Modafinil on EEG During CPAP Withdrawal—Wang et al.
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Figure 2—Comparison of the effects of modafinil and placebo on four key electroencephalography (EEG) biomarkers during 2-h assessments over the 2
days of CPAP withdrawal. The four biomarkers were alpha/delta ratio (A), fast ratio (B), detrended fluctuation analysis (DFA) scaling exponent (C), and delta
band power (D). The EEG biomarkers were average values of the eyes-open and eyes-closed states. Mixed model analyses of variance were used to test
the differences at each time point. Error bars denote the 95% confidence intervals (Cls). Solid green lines, modafinil; dashed red lines, placebo. *P < 0.05,
**P <0.01, ***P < 0.001. CPAP, continuous positive airway pressure; Cl, confidence interval.
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correlated with A/D ratio, fast ratio, and DFA but not with any
of the individual frequency bands. In addition, KSS signifi-
cantly correlated with four of five key parameters in driving
simulator and PVT performance (Table 2).

DISCUSSION

This randomized placebo-controlled crossover study dem-
onstrated that modafinil increases EEG activation (faster EEG
frequency) in patients with OSA undergoing acute CPAP
withdrawal and that these EEG changes correlated with the
modafinil-induced improvements in neurocognitive perfor-
mance. This finding provides neurophysiological evidence that
modafinil treatment during acute CPAP withdrawal amelio-
rates EEG slowing in OSA in parallel with cognitive and neu-
robehavioral improvements in tests such as simulated driving.
In addition, we found that compared to other EEG biomarkers,
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the A/D ratio was a robust biomarker in tracking drug-induced
changes.

As a wake-promoting agent, the EEG-modifying proper-
ties of modafinil have been mainly studied in the context of
narcolepsy and sleep deprivation.”' Using low resolution brain
electromagnetic tomography (LORETA), 3 w of treatment
with 400 mg modafinil reversed the decrement of alpha-2 and
beta-1-3 power in 16 patients with narcolepsy compared to the
normal controls.?> There was also a decrease of theta and delta
power in resting EEG with the modafinil use.”? Additional
study from this group found that 3 w of 400 mg modafinil
improved a cognitive performance test (Pauli test) in 15 pa-
tients with narcolepsy. The improvement in Pauli test results
was correlated with the decrease in delta, theta, and alpha-1
power.”® A less significant correlation was observed between
midmorning EEG LORETA and multiple sleep latency test

Modafinil on EEG During CPAP Withdrawal—Wang et al.



Table 2—Association between electroencephalographic biomarkers and neurocognitive outcomes.
Aus-RT Aus-Steer Var Aus-Crash PVT-Lapses PVT-RRT KSS
r P r P r P r P r P r P
Eyes Open
DFA 0.11 0.036 -0.02 0.699 0.03 0.535 0.04 0.427 -0.07 0.190 0.088 0.023
Fast ratio -0.07 0.188 -0.06 0.304 0.03 0.577 -0.06 0.228 0.1 0.040 0.123  0.001
A/D ratio 0.07 0.219 -0.06 0.285 0.02 0.691 0.05 0.314 0.10 0.063 0.068 0.076
Delta 0.03 0.624 0.03 0.579 0.01 0.913 0.00 0.971 0.04 0.443 0.039 0.319
Theta 0.03 0.595 0.02 0.724 0.01 0.894 -0.02 0.725 0.03 0.558 0.059 0.126
Alpha 0.02 0.781 0.02 0.720 0.01 0.886 -0.01 0.844 0.05 0.332 0.058 0.135
Eyes Closed
DFA 0.09 0.113 0.09 0.107 0.05 0.360 0.11 0.043 -0.17 0.001 0.120  0.002
Fast ratio -0.11 0.051 -0.15 0.007 -0.07 0.224 -0.10 0.074 0.12 0.019 0.166  0.000
A/D ratio -0.13 0.015 -0.16 0.002 -0.10 0.067 -0.09 0.086 0.15 0.006 0.166  0.000
Delta -0.01 0.795 0.02 0.758 -0.01 0.844 0.02 0.749 0.05 0.368 0.012 0.748
Theta 0.02 0.761 -0.01 0.854 0.00 0.954 -0.02 0.679 0.05 0.353 0.059  0.127
Alpha 0.08 0.126 -0.07 0.205 0.01 0.907 -0.01 0.781 0.05 0.387 0.035 0.371
KSS 0.039  0.306 0.093 0.013 0.219  0.000 0.176  0.000 0.142  0.000 - -
Correlations were tested with Bland-Altman correlation coefficients for repeated observations for the overall pairwise measurements. Light gray cells
indicate P < 0.1; dark gray cells indicate P < 0.05. Aus, AusEd driving simulator; DFA, detrended fluctuation analysis; RRT, reciprocal reaction time;
RT, response time, Var, variation.

(MSLT). No correlation was found between EEG LORETA
and subjective daytime sleepiness measurement ESS."
Modafinil has also been reported to promote wakefulness by
reducing delta and theta activity and increasing alpha and beta
activity in 25 sleep deprived healthy men.? These findings are
generally consistent with our observations in that modafinil
may promote wakefulness and vigilance through inducing a
faster EEG.

The current study differs from previous reports in that it
involves a CPAP-withdrawal paradigm in a standard clin-
ical sleep laboratory setting in patients with OSA. In addi-
tion, we correlated the EEG markers with simulated driving
ability and PVT, which are particularly relevant to real-life
scenarios. In addition, although most of the previous studies
have investigated the effect of modafinil on individual EEG
frequency bands, there is a clinical rationale to determine
whether a single EEG biomarker relates to simulated driving
and neurocognitive impairment. Previously we observed
that the DFA scaling exponent generally correlates better
than individual EEG bands in driving simulator perfor-
mance and PVT using a sleep deprivation paradigm.” More-
over, delta/alpha ratio is a key marker of EEG activation
significantly cross-correlating with the improvement of sub-
jective daytime sleepiness and hypercapnia in patients with
hypercapnia and sleep disordered breathing.'* In the current
study, as shown in Table 1 and Figure 2, A/D ratio, fast ratio,
and DFA are much more sensitive than individual EEG fre-
quency bands in picking up modafinil induced EEG changes.
Similarly, A/D ratio, fast ratio, and DFA significantly cor-
related with driving simulator performance, PVT, and KSS,
whereas individual band power did not correlate with any
cognitive parameter (Table 2). There are a few potential rea-
sons. First, drowsiness could be more related to an overall
EEG slowing effect with simultaneous decrease in fast wave
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activity and increased in slow wave activity." Second, total
EEG power is variable between each measurement where a
ratio measure would be less affected for an EEG slowing
effect. Third, certain health conditions can easily affect a
single frequency band power. For example, “alpha-delta
sleep” can often be seen in fibromyalgia syndrome, and a va-
riety of pain and psychiatric conditions are related to alpha-
sleep anomaly.”*** A single alpha band is unlikely to be an
ideal marker for alertness.

Our study shows that A/D ratio is particularly sensitive in
picking up the modafinil induced bihour EEG change com-
pared to other EEG markers (Figure 2). In addition, A/D ratio
showed more significant correlations with the key cognitive
parameters than fast ratio and DFA. Given that A/D ratio is
simpler to calculate compared to the fast ratio and DFA scaling
exponent, A/D ratio appears to be the most sensitive EEG bio-
marker in the current study in reflecting modafinil-induced
performance improvements. A/D ratio has been reported as
a marker of EEG slowing in Alzheimer disease correlating
with cerebrospinal fluid tau level in those patients with severe
cognitive decline.? It is also useful in differencing Alzheimer
disease from subcortical vascular dementia in patients with
the same degree of dementia.?’’ In addition, A/D ratio has
been reported as a marker of pain during sleep ** and a sensi-
tive marker to detect delayed cerebral ischemia.” In animal
studies, A/D ratio was used as a biomarker to determine un-
consciousness, which correlated closely with loss of posture
in broilers.*

Our findings were derived from standard clinical PSG
laboratory settings. EEG spectral analyses were calculated
from channel C3-A2 or C4-Al. In this context, we found
that individual alpha, beta, or theta power did not correlate
with any cognitive change. In addition, the calculation of
fast ratio [(alpha+beta)/(delta+theta)] did not provide a better
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correlation compared to a simple A/D ratio. Our findings may
not apply outside of the relatively tightly controlled clinical
PSG laboratory context. The neuroanatomic sites of action of
modafinil are poorly understood. It is possible that modafinil
may activate brainstem centers and diffuse widely on cor-
tical distribution.”*' Using frontotemporal topography, a
recent study found that modafinil may enhance oscillatory
power associated with high-control rule selection in theta,
alpha, and beta ranges.** Both EEG alpha and theta oscilla-
tions are important in cognitive and memory performance
but may reflect different subtypes with different underlying
mechanisms in brain feedback loops.* Further studies with
comprehensive EEG placement/whole brain functional mag-
netic resonance imaging/neurochemical analyses are needed
to better understand the effect of modafinil on brain neuro-
electrical activity.

Our study also has other limitations. The sample size was
relatively small, which was limited by the efficiency required
by the randomized controlled trial study design and extremely
labor-intensive testing protocol. We only tested men because
both OSA and motor vehicle accidents are more likely in males
and there are major differences in EEG pattern between men
and women.*** Further studies including females and with
larger sample sizes are certainly needed to fully generalize
our findings to the general population. In addition, the effect
of modafinil administration was studied in a short period of
CPAP withdrawal. The efficacy in a longer withdrawal period
is also worth investigating.

In conclusion, modafinil administration during short-term
cessation of CPAP in patients with OSA increased EEG acti-
vation, which correlated with the improvement in neurocog-
nitive performance. This study provided neurophysiological
evidence that modafinil as a short-term treatment option may
prevent motor vehicle accidents. A/D ratio could be considered
as a key EEG biomarker for EEG activation, which correlates
to cognitive performance in this patient group.

ABBREVIATIONS
A/D ratio, Alpha/Delta ratio
AHI, apnea-hypopnea index
CPAP, continuous positive airway pressure
DFA, detrended fluctuation analysis
EOQG, electrooculogram
ESS, Epworth Sleepiness Score
KDT, Karolinska Drowsiness Test
KSS, Karolinska Sleepiness Scale
LORETA, low resolution brain electromagnetic tomography
MSLT, multiple sleep latency test
OSA, obstructive sleep apnea
PVT, Psychomotor Vigilance Task
PSG, polysomnography
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