Association between waking EEG and cognitive event-related potentials in patients
with obstructive sleep apneas
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Abstract
Objective: Abnormal event-related potentials (ERP) and slowing of the waking
electroencephalographic (EEG) activity have been reported in patients with obstructive
sleep apneas (OSA). This study aimed at evaluating whether an association exists
between the severity of ERP abnormalities and EEG slowing in order to better understand
cerebral dysfunction in OSA.
Methods: Twelve OSA patients and 12 age-matched controls underwent an overnight
polysomnographic recording, an EEG recording of 10 minutes of wakefulness and an
auditory ERP protocol known to specifically measure attention. Amplitude and latency of
each ERP component were measured as well as the spectral power in each frequency
band of the waking EEG. Pearson’s correlations were used to measure associations
between ERP characteristics and EEG spectral power in OSA patients and control
subjects.
Results: A positive correlation between the late P300 amplitude and theta power in
occipital region was observed in OSA subjects (p<0.01). A positive correlation was also
found between P3a amplitude and beta 1 power in central region in OSA subjects
(p<0.01). No correlation was observed for control subjects.
Conclusions: ERP abnormalities observed in an attention task are associated with a
slowing of the waking EEG recorded at rest in OSA.

Introduction
Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by
repetitive pauses (apneas) or reductions in airflow amplitude (hypopneas) attributed to
the collapsibility of the upper airway during sleep. OSA causes sleep disruption and
intermittent nocturnal hypoxemia, which can lead to daytime sleepiness, cognitive
deficits, and cerebral dysfunctions [1].

Previous studies using event-related-potentials (ERP) have consistently shown delayed
P300 latencies and/or changes in P300 amplitudes suggesting attention deficits in OSA
[2]. In previous studies performed by our group, multiple ERP components were
investigated, i.e. N1, mismatch negativity (MNN), P3a, P300, and reorienting negativity
(RON), in order to assess different stages of information processing (i.e. pre-attentional
and attentional processes) in OSA [3–4]. The major finding was that OSA patients
showed a wide and prolonged P300 as well as a reduction in P3a amplitude, suggesting
normal automatic detection of stimulus but abnormal attentional processes.

Quantitative electroencephalography (qEEG) is another well-established method for
evaluating brain functions. Quantitative EEG studies in OSA patients demonstrated a
significant EEG slowing during wakefulness over all cortical regions, suggesting lower
levels of vigilance and/or a general brain dysfunction [5–7]. However, to date, the
relationship between waking EEG anomalies observed in a resting condition and ERP
changes observed during a cognitive task has not been investigated in OSA patients.
Therefore, the aim of the present study was to evaluate whether the severity of ERP

abnormalities correlated with the waking EEG slowing, in order to better understand
cerebral dysfunctions associated with OSA. We hypothesized that P300 latency and
amplitude would be the variables most correlated with EEG slowing, as defined by an
increased power in slow frequency bands and a decreased power in fast frequency bands,
since the P300 component is generally considered an index of general cognitive
functioning and/or attentional resources [8–10].

Methods
Subjects
Subjects included in the present study have been described in a previous paper [3].
Briefly, the study groups consisted of 12 OSA patients (9 M, 47.9 ± 13.7 years old, 12.5
± 3.3 years of education) and 12 healthy control subjects (11 M, 44.4 ± 9.5 years old,
14.2 ± 2.8 years of education). None of the subjects included had auditory deficit,
unstable high blood pressure, neurological or psychiatric diseases or a pulmonary disease.
Subjects who use drugs known to affect sleep or daytime sleepiness were excluded. Each
participant was informed of the research protocol and gave written consent before the
beginning of the study. A University-Hospital ethics committee approved the protocol.

Polysomnographic recording
Participants underwent a standard all-night polysomnographic evaluation with 16 surface
EEG electrodes referred to linked earlobes, electrooculogram, chin electromyogram,
thoracoabdominal plethysmograph, oral/nasal canula and transcutaneous finger pulse

oximeter. Sleep was scored according to standard criteria [11]. OSA patients had an
apnea-hypopnea index (AHI) higher than 10 per hour of sleep (group average: 51.2 ±
23.9) and control subjects had an AHI under 5 (group average: 1.2 ± 1.4).

Waking EEG recording and qEEG analysis
Ten minutes of waking EEG with eyes closed were recorded 30 minutes after morning
awakening. Subjects were asked to open their eyes periodically and constant monitoring
was done to insure that subjects were not falling asleep. On average, 104 seconds (± 21)
without artifact were selected for each subject, varying from 52 to 124 s. EEG spectral
power was determined on 4-s epochs using fast-Fourier transforms and EEG segments
were analyzed with cosine tapering at a 0.25 Hz resolution. The analyzed frequency
bands were delta (0.5–3.75 Hz), theta (4–7.75 Hz), alpha (8–12.75 Hz), beta 1 (13–21.75
Hz) and beta 2 (22–31.75 Hz). The data were analyzed using a software package
(Harmonie Stellate Systems©, Montreal, Canada) on 4 electrodes: F3, C3, P3 and O1.
The absolute and relative power for each frequency band was calculated for each region
and subject. The slow to fast frequency ratio was calculated using [(Delta +
Theta)/(Alpha + Beta 1 + Beta 2)].

ERP recording and analysis
The auditory ERP protocol and data analyses have been described previously [3]. The
ERP task was done between 8:00 and 9:30 AM, after polysomnographic and waking EEG
recordings. Briefly, we presented a dichotic sequence of short (50%) and long (50%)

tones and, for these two types of tones, 90% were standard (1000 Hz) and 10% were
deviant (750 or 1250 Hz) tones. Subjects were instructed to distinguish short from long
tones by pressing buttons. Amplitude and latency of ERP components (i.e. N1, MMN,
P3a, P300, and RON) were analyzed on F3, C3, P3 and O1 electrodes.

Statistical analyses
Between-group differences on demographic, polysomnographic and ERP variables have
been presented in our previous study [3], and were therefore not reanalyzed in the present
study. Group differences on qEEG were analyzed using Group (OSA; Control) by
Electrode (F3, C3, P3, O1) ANOVAs for each frequency band. Pearson’s correlation
coefficients were used to measure relationships between ERP characteristics (amplitude
and latency) and qEEG (spectral power) in OSA patients and control subjects separately.
Analyses were considered significant at p < 0.05. STASTICA 6.0 was used for all
statistical analyses.

Results
Group differences on qEEG
No between-group differences were observed for relative or absolute EEG power in any
frequency band. Moreover, no group difference was found for the slow to fast frequency
ratio.

Relationship between ERP and qEEG variables
Figure 1 shows the correlations between ERP and qEEG variables. A significant
correlation was found between late P300 amplitude and absolute and relative theta power
for OSA patients on O1 (r = 0.75 and 0.80 respectively, p < 0.01), where higher P300
amplitudes elicited by standard stimuli were associated with higher theta power. A
significant correlation was also observed between P3a amplitude and absolute beta 1
power on C3 in OSA patients (r = 0.78, p < 0.01); higher P3a amplitudes for deviant
stimuli (observed on the subtraction between deviant and standards waveforms) were
associated with lower beta 1 power. These correlations were not observed in the control
group. No other correlations were found between amplitude and latency of ERP
components and qEEG.

Discussion
The aim of the present study was to correlate ERP abnormalities with waking EEG
slowing in order to better understand cerebral dysfunctions in OSA patients. This study
represents the first attempt to characterize the relationship between abnormal EEG
activities recorded in two different conditions, i.e. at rest and during an attention task, in
OSA. We found that higher late P300 amplitudes measured during our attention task were
associated with increased EEG theta power during a rest condition. Moreover, decreased
P3a amplitudes were associated with decreased beta 1 power.

In our previous study [3], a prolonged and sustained P300 wave was observed in OSA,

probably reflecting increased attentional resources allocated to the task compared to
control subjects. In the present study, the amplitude of this sustained P300 component
was found to be associated with an increase in waking EEG theta power in the occipital
region. Since P300 is generally associated with attention processes in tasks requiring
target detection and classification [9–10] and increased theta power represents impaired
vigilance or sleepiness [12], our results suggest that the P300 changes observed in OSA is
associated with vigilance decrement. The protocol used in this study does not allow
verifying whether vigilance impairment are the cause of abnormal P300 during the
auditory attentional task or whether changes in P300 and theta power are two
independent manifestations of a more general cerebral dysfunction in OSA. However, the
vigilance and attention deficits observed in the present study probably interfere with other
cognitive processes, since they play a pivotal role in other cognitive domains, such as
executive functions and episodic memory [13–14]. Interestingly, the correlation between
the P300 component and theta power was specific to OSA and was not observed in the
control group. The lack of variability in P300 and theta power observed in the control
group may explain the absence of relationship between these two variables.

A significant correlation between P3a amplitude and beta 1 power was also found in the
present study, where decreased P3a were associated with reduced beta 1 power. As for
the P300, changes in P3a amplitude were documented in our previous study in OSA
patients [4]. P3a is known to represent orientation of attention toward unexpected stimuli,
while beta activity is considered to be an index of brain activation and alertness in
response to attention requirements [15–16]. Interestingly, P3a amplitude was not

correlated with slow EEG frequency, such as delta and theta frequency bands, that are
associated with vigilance level, which suggest that P3a anomalies are not caused by a
general vigilance decrement during the attentional task.

In conclusion, anomalies observed in waking EEG recorded at rest are associated with
changes in ERP recorded during attentional task in OSA. Further studies investigating the
causal role of altered waking EEG in cognitive dysfunctions, such as those measured with
ERP and neuropsychological assessment will be needed in this population. Moreover, the
possible differential effect of OSA treatment on EEG and ERP should be investigated.
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Figure legends

Figure 1. Correlation between late P300 amplitude and absolute theta power (A) and
between P3a amplitude and absolute beta 1 power (B) in OSA subjects (left) and control
subjects (right). (n.s., non significant)
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