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Abstract

Obstructive sleep apnea syndrome (OSAS) is a sleep disorder characterized with upper airway obstructions. Some studies
showed cognitive and electrophysiological changes in patients with OSAS; however, contradictory results were also
reported. The purpose of the present study was twofold: (1) to investigate cognitive changes in severe OSAS patients by
using neuropsychological tests and electrophysiological methods together, (2) to investigate influence of hypoxemia levels
on cognition. Fifty-four severe OSAS patients and 34 age-, gender- and education matched healthy subjects were par-
ticipated. OSAS patients were further divided into two subgroups according to minimum oxygen saturation levels. All
participants underwent a detailed neuropsychological test battery. A classical visual oddball task was used to elicit ERP
P300 and mean P300 amplitudes were measured from F,, C, and P, electrode sites. OSAS patients showed reduced mean
P300 amplitudes up to 43-51% on all electrode sites compared to healthy controls. Subgroup analysis revealed significant
differences in neuropsychological test scores between healthy controls and high hypoxemia OSAS group, as well as
between low and high hypoxemia groups. Moreover, both low and high hypoxemia OSAS groups had lower P300
amplitudes compared with healthy controls. P300 amplitudes showed a gradual decline in parallel with increasing
hypoxemia severity; however, the difference between high and low hypoxemia OSAS groups did not reach significance.
Moderate correlations were found between sleep parameters, neuropsychological test scores and P300 amplitudes. These
results suggest that electrophysiological measures could be better indicators of cognitive changes than neuropsychological
tests in OSAS, particularly in mildly affected patients.
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Introduction
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gorsev.yener@deu.edu.tr Obstructive sleep apnea syndrome (OSAS) is a sleep dis-

order characterized with complete or partial upper airway
obstructions. OSAS can be seen in all age groups, affecting
up to 2% of women and 4% of men and factors such as
aging, obesity and use of sedatives are known to increase
the risk of OSAS (American Academy of Sleep Medicine
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breathing events occur during sleep and patients usually do
not become aware of these signs and/or ignore the symp-
toms. The risk of cardiovascular diseases, hypertension
(Carlson et al. 1994; Drager et al. 2010), coronary heart
disease (Peker et al. 2002; Pepperell 2011), pulmonary
hypertension, stroke, psychiatric disorders, metabolic dis-
eases and even sudden death increase over time when
patients with OSAS remain untreated. Moreover, adverse
effects of OSAS on cognitive functions were reported.
Cognitive dysfunction in OSAS is researched over
40 years and neuropsychological testing has been the most
commonly used evaluation method. A recent meta-analysis
reported that executive functions are substantially affected
in patients with OSAS (for a review see: Stranks and
Crowe 2016). Nevertheless, some studies comparing OSAS
patients with healthy controls have not found any differ-
ences between groups in executive functions or reported
confounding results (Salorio et al. 2002; Verstraeten et al.
2004). For instance, Salorio et al. (2002) found that OSAS
patients had poorer letter fluency scores but similar Wis-
consin Card Sorting Test (WCST) performances in com-
parison with healthy controls. Other cognitive functions
such as memory, attention, processing speed and visual
construction showed inconsistent results among previous
studies. Recent studies were focused on the effects of sleep
fragmentation and intermittent hypoxemia on cognition,
which are considered as the underlying causes of cognitive
dysfunction in OSAS (for a review, see Gagnon et al.
2014). Some authors suggested that progressive and irre-
versible decline in executive functions is related to long-
term exposure to intermittent hypoxemia (Beebe and Gozal
2002). Findley et al. (1986) compared hypoxemic and non-
hypoxemic patients with OSAS and reported that patients
with hypoxemia had more severe cognitive impairment
than those without, particularly in measures of attention,
verbal and spatial short-term memory and complex prob-
lem-solving. Moreover, some studies reported persistent
deficits in executive functions even after continuous posi-
tive airway pressure (CPAP) treatment (Bédard et al. 1993;
Naegele et al. Naégelé et al. 1995-1998; Feuerstein et al.
1997; Ferini-Strambi et al. 2003). Beebe and Gozal (2002)
proposed a model which included both hypoxemia and
sleep fragmentation as key mechanisms behind prefrontal
cortical dysfunction in OSAS. This model emphasized that
preserved executive functioning is essential to perform
other cognitive abilities. Conversely, some authors sug-
gested that the sleep fragmentation alone could be suffi-
cient to induce cognitive impairment in OSAS patients
(Verstraeten et al. 2004; Verstraeten and Cluydts 2004).
Executive functions require attention and previous studies
showed that attentional abilities are affected by sleep
fragmentation (for a review, see Gagnon et al. 2014). Based
on this idea, some authors controlled attentional capacity
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and the results revealed similar performances between
OSAS patients and healthy controls on executive func-
tioning tasks (Verstracten et al. 2004). The majority of
recent reports consider both intermittent hypoxemia and
sleep fragmentation as contributing factors to cognitive
deficits in OSAS.

Many studies examined cognitive dysfunction in OSAS
through electrophysiological techniques. Event-related
potentials (ERPs) are beneficial methods for investigating
cognitive processes and can be obtained by averaging
electrophysiological brain responses to stimulus which are
presented during an electroencephalogram (EEG) record-
ing. ERP component P300 is known to reflect higher cor-
tical functions that involve classifying/updating memory
representations of stimuli (Polich 2007). P300 can be eli-
cited by an oddball paradigm, where an individual is asked
to distinguish rare stimuli from the standard stimuli (Picton
1992). In OSAS studies, ERPs were used for distinguishing
OSAS from other sleep disorders (Sangal and Sangal 1995;
Sforza and Haba-Rubio 2006) or assessing treatment effi-
cacy (Walsleben et al. 1989; Kotterba et al. 1998; Neau
et al. 1996; Vakulin et al. 2012). P300 is the most inves-
tigated component and the oddball paradigm is the most
common used task in these studies (Raggi and Ferri 2012).
Several studies reported prolonged P300 latency in OSAS
(Kotterba et al. 1998; Walsleben et al. 1989; Rumbach
et al. 1991; Vakulin et al. 2012; Sangal and Sangal
1995, 1997a, b; Inoue et al. 2001; Gosselin et al. 2006;
Sforza and Haba-Rubio 2006; Peng et al. 2004; Akgali
et al. 2015). Abnormal P300 latency was thought to be
related to altered stimulus classification and cognitive
processing speed. Considerable number of studies also
reported reduced P300 amplitudes in OSAS patients com-
pared with healthy controls (Rumbach et al. 1991; Wong
et al. 2006; Martins et al. 2011; Vakulin et al. 2012; Akcali
et al. 2015). These findings indicate that attentional
resources activated during the stimulus evaluation pro-
cesses could be impaired in patients with OSAS. Despite
the majority of significant findings, some studies did not
report any differences in P300 amplitude (Sangal and
Sangal 1995, 1997a, b; Afifi et al. 2003) or latency (Martins
et al. 2011; Afifi et al. 2003).

The purpose of the present study was twofold: (1) to
investigate cognitive changes in patients with severe OSAS
by using neuropsychological tests and electrophysiological
methods together, and (2) to investigate the influence of
hypoxemia levels on cognition. As neuropsychological test
scores are known to be influenced by age and educational
level (Strauss et al. 2006), an age- and education-restricted
sample was preferred in the present study. Only partici-
pants aged between 21 and 55 years with a high educa-
tional level were included to the study. Akcali et al. 2015
also reported P300 differences only in younger participants
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and found no differences between older healthy subjects
and older OSAS patients. The authors suggested forming
study samples with a narrow age range for OSAS in order
to control for variability (Akgali et al. 2015). In the present
study, a detailed neuropsychological test battery and ERP
P300 were used together in order to provide a broader
perspective on the subject. Furthermore, the OSAS patients
were divided into two subgroups according to their
hypoxemia levels to observe the effects of hypoxemia on
cognitive functions. As far as we know, this is the first
study examining the effects of hypoxemia on ERP P300
responses in patients with OSAS. According to previous
literature, we hypothesized that patients with severe OSAS
would have poorer neuropsychological test performances
on attention and executive function tasks and decreased
P300 amplitudes especially over parietal regions. Further-
more, we assume a gradual decline in neuropsychological
test scores and P300 amplitudes in accordance with
increasing hypoxemia levels.

Materials and methods
Participants

The sample of the study consisted of patients who were
administered to the sleep disorders clinic in the Department
of Neurology at the Dokuz Eylul University Hospital and
healthy volunteers who were recruited from various com-
munity sources.

All participants had an active working life and were
mostly young adults. Fifty-four untreated patients with
severe OSAS with an age range of 21-51 (M = 38.94,
SD = 7.43) years and 34 age-, gender- and education-
matched healthy controls with an age range of 22-55
(M =36.97, SD = 10.83) years participated to the study.
All OSAS patients and 16 of healthy controls underwent a
full-night polysomnographic (PSG) evaluation. Severe
OSAS (Apnea-Hypopnea Index (AHI) > 30) was diag-
nosed according to the American Academy of Sleep
Medicine criteria (Iber et al. 2007). Epworth Sleepiness
Scale (ESS) was used to evaluate excessive daytime
sleepiness for all participants. The healthy controls without
PSG evaluation had ESS scores lower than 10. None of the
healthy controls had a history of snoring or witnessed
apnea and their bed partners confirmed this information.
The study only included participants who had at least
11 years of education in order to prevent the education
effect on neuropsychological test scores. The clinical and
demographic characteristics of participants were presented
in Table 1 and the PSG data of patients with OSAS are
shown in Table 2.

In the present study, the OSAS group was divided into
two subgroups (OSAS-low hypoxemia and OSAS-high
hypoxemia) to investigate the effect of hypoxemia on
cognition. The subgroups were created according to the
oxygen saturation levels. OSAS—Iow hypoxemia group
(n = 24) presents the patients with minimum SO, over 80%
and OSAS-high hypoxemia group (n = 30) presents the
patients with minimum SO, below 80% in total sleep time.
Clinical and demographic characteristics of participants
were presented in Table 3.

Our exclusion criteria included factors that may affect
cognitive functions such as other sleep disorders, head
trauma, psychiatric disorders (i.e. depression, psychosis
and anxiety disorders), dementia, cerebrovascular disease,
uncontrolled hypertension, uncontrolled diabetes and
alcohol/drug abuse. All participants underwent a brain MRI
scan to exclude any structural abnormalities. The ethical
committee of Dokuz Eylul University approved the study
and all participants signed an informed consent.

Neuropsychological testing

All participants underwent a detailed neuropsychological
evaluation before the EEG recordings. General cognitive
status, verbal and visual memory processes, attention,
executive functions, visuospatial skills and language were
assessed. The test battery included the following tests: The
Mini Mental State Examination (MMSE—Folstein et al.
1975), Oktem Verbal Memory Processes Test (OVMPT—
Oktem 1992), Wechsler Memory Scale-Revised (WMS-R)
Visual Reproduction Subtest (Wechsler 1987), WMS-R
Digit Span (Wechsler 1987), Wechsler Adult Intelligence
Scale-Fourth (WAIS-IV) Similarities Subtest (Wechsler
2008), verbal fluency tests (semantic and lexical), clock
drawing test, Wisconsin Card Sorting Test (WCST—Hea-
ton et al. 1993), Stroop Test (Stroop 1935), simple copying
test and Boston Naming Test (Kaplan et al. 2001).

Electrophysiological recording, paradigm
and analysis

EEG data was collected in an electrically shielded and
sound attenuated room from 30 Ag/AgCl electrodes loca-
ted on an elastic cap, according to the international 10-20
system (EasyCap; Brain Products GmbH; Gilching, Ger-
many). Linked earlobe electrodes (A1l + A2) were used as
references and electrooculogram (EOG) were recorded
from medial upper and lateral orbital rim of the right eye.
All electrode impedances were kept below 10 kQ. EEG
was amplified from 0.03 to 70 Hz and digitalized at 500 Hz
sampling rate with a BrainAmp 32-channel DC amplifier
(Brain Products GmbH; Gilching, Germany).
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Table 1 Clinical and

demographic characteristics of Healthy controls (n = 34) OSAS patients (n = 54) )4

participants Age 36.97 + 10.83 38.94 + 7.43 355"
Gender (M/F) 31/3 53/1 126°
Education (year) 14.59 + 1.07 14.15 + 143 105
BMI (kg/m?) 26.28 + 2.70 31.57 + 5.63 <.001+
ESS 2.66 + 291 10.52 + 4.93 <.001+*
BDI 7.21 £525 8.85 + 5.63 175°

Bold values indicate statistically significant differences between groups
Data are presented as mean = standard deviation (SD)

OSAS obstructive sleep apnea, M male, F female, BMI body-mass index, ESS Epworth Sleepiness Scale,
BDI Beck’s depression inventory

*p < .005
“Independent sample t test
°Chi square test

Table 2 Polysomnographic

sleep parameters of patients Mean £ SD Median Range

with OSAS AHI (events/h) 58.20 + 21.05 54.70 30.00-104.10
Total sleep time (min) 437.40 + 48.77 444.50 324.90-534.10
Time with SO, < 90% (%) 17.04 £ 21.01 9.25 0.00-74.50
Time with SO, < 80% (%) 4.07 + 8.87 20 0.00-38.00
Sleep efficiency (%) 90.59 + 6.74 93.45 70.10-99.70

Data are presented as mean =+ standard deviation (SD)

AHI apnea/hypopnea index, h hour, min minutes, SO, oxygen saturation

Table 3 Clinical, demographic and polysomnographic characteristics of healthy controls and OSAS subgroups

Healthy controls (n = 34)  OSAS-low hypoxemia (n = 24)  OSAS-high hypoxemia (n =30) p

Age 36.97 £+ 10.83 38.04 £ 743 39.67 £ 7.47 484
Gender (M/F) 31/3 23/1 30/0 238
Education (year) 14.59 £ 1.07 14.08 £ 1.55 14.20 £+ 1.34 .300

BMI (kg/m?) 26.28 + 2.70 2942 + 4.86 33.30 £ 5.68 <.001%P¢
ESS 2.66 + 291 8.25 + 3.75 12.33 £ 5.06 < .001%P<
BDI 7.21 £ 5.25 8.08 + 5.80 947 £ 5.51 263

AHI (events/h) - 4593 £+ 16.15 68.01 + 19.47 <.001*
Total sleep time (min) - 444 .40 £+ 43.67 431.81 £ 52.56 351

Time with O, < 90% (%) - 3.03 £4.18 28.25 4 22.37 .001°*
Time with O, < 80% (%) - - 7.34 £ 1091 NA

Sleep efficiency (%) - 90.74 £ 7.11 90.47 £ 6.56 .884

Bold values indicate statistically significant differences between groups

Data are presented as mean + standard deviation (SD). p values were obtained from One-Way ANOVA and Chi Square test for continuous and
categorical data respectively

OSAS obstructive sleep apnea, M male, F female, BMI body-mass index, ESS Epworth Sleepiness Scale, BDI Beck’s depression inventory, NA
non-applicable

Significant differences between groups were symbolized with: “Healthy controls versus OSAS low hypoxemia, ®Healthy controls versus OSAS
high hypoxemia, “OSAS low hypoxemia versus OSAS high hypoxemia

A classical oddball paradigm was used to elicit ERPs. A
total of 120 stimuli were presented visually. The standard
stimulus was the light given in 10 cd/cm® luminance

(probability 0.66) and the target stimulus was the light
given in 40 cd/cm’® luminance (probability 0.33). The
stimuli had 10 ms r/f time and 1 s duration. The inter-
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stimulus interval varied randomly from 3 to 7 s. Partici-
pants were asked to mentally count the target stimuli and
maximum 10% error was allowed. The number of counted
stimuli did not differ between groups (p = .560).

Offline data analysis was performed with Brain Vision
Analyzer 2.1 (Brain Products GmbH; Gilching, Germany).
Raw EEG data were filtered between 0.5 and 30 Hz at
12 dB per octave and segmented in 1000 ms time window
epochs, time-locked to the target stimulus onset (800 ms
post-stimulus with a 200 ms pre-stimulus baseline). Base-
line correction was applied to all data with respect to the
200 ms time interval before target stimulus presentation.
Vertical and horizontal ocular artifacts were corrected
offline using the Gratton et al. (1983) method. Artifacts
were automatically rejected based on the following criteria:
(1) maximum amplitude in an epoch was + 100 pV; (2)
maximum allowed voltage step was 50 pV/ms; (3) maxi-
mum allowed difference in a 200 ms interval was 50 uV
and (4) lowest activity in a 100 ms interval was 0.5 pV.
EEG data with at least 20 artifact-free epochs were aver-
aged to obtain ERPs. Fifteen patients with severe OSAS
and five healthy controls were excluded at the beginning of
the study due to insufficient epoch numbers (number of
epochs < 20). The remaining 54 patients with severe
OSAS and 34 healthy controls were included in further
analysis.

Mean P300 amplitudes in 250-550 ms time window
after target onset were automatically measured from F;, F,,
F,, C3, C,, Cy4, P3, P, and P, electrode sites. P300 ampli-
tudes are generally larger along the midline electrodes,
thus, only F,, C, and P, measurements were included in the
statistical analysis. Grand average ERP waveforms were
computed for groups.

Statistical analysis

Statistical analysis was performed using SPSS v.20.0
(SPSS IBM, Armonk, New York). Neuropsychological test
scores of healthy controls and OSAS patients were com-
pared with independent samples ¢ test. Mean P300 ampli-
tude values were analyzed using repeated measures
ANOVA. The factor structure in repeated measures
ANOVA was 2 x 3, with two levels of group (healthy
controls and OSAS patients) and three levels of anterior—
posterior electrode distribution (AP—frontal, central and
parietal). Corrected Greenhouse—Geisser p values were
reported. Post-hoc analysis was performed with indepen-
dent samples ¢ test. Difference between groups (%) for
mean P300 amplitudes were calculated with “(Healthy
controls-OSAS patients)/Healthy controls” formula.
Furthermore, the OSAS group was divided into two
subgroups (OSAS-low hypoxemia and OSAS-high
hypoxemia) according to the oxygen saturation levels to

investigate hypoxemia effects. Neuropsychological test
scores of OSAS subgroups and healthy controls were
compared with one-way ANOVA. Mean P300 amplitudes
of the three groups were analyzed with a 3 x 3 repeated
measures ANOVA [Three levels of group (Healthy con-
trols, OSAS- low hypoxemia, and OSAS-high hypox-
emia) x three levels of anterior—posterior electrode
distribution (AP—frontal, central and parietal)]. Corrected
Greenhouse—Geisser p values were reported and post hoc
analysis was performed with independent samples ¢ test.
The relationships between neuropsychological test scores,
polysomnographic sleep parameters and mean P300
amplitudes were investigated with Pearson correlation.
p < 0.05 was considered as statistically significant in all
analysis.

Results

In all neuropsychological tests, group means were within
the expected range of age and education norms. Only two
of fifty-four patients (4%) with OSAS were classified as
cognitively impaired by a neuropsychologist; one patient
had impaired short-term verbal memory and the second
patient had impaired attention and verbal memory (both
short- and long-term). Statistical analysis revealed lower
OVMPT total learning scores and lower OVMPT imme-
diate recall scores in patients with OSAS compared to
healthy controls (Table 4). Other test scores did not differ
between groups.

Mean P300 amplitudes showed a significant main effect
of GROUP [F g6, = 29.315, p < .001], indicating lower
mean P300 amplitudes in patients with OSAS compared
with healthy controls. Post-hoc analysis revealed that
patients with OSAS had decreased mean P300 amplitudes
by 43-51% at F, (p <.001), C, (p <.001) and P,
(p < .001) electrode sites. Mean P300 amplitudes for both
groups are presented in Table 5 and the grand average ERP
waveforms are shown in Fig. 1. The grand averages were
created with equal number of subjects in both groups, as
the number of epochs/subjects is known to have an influ-
ence on grand averages.

Subgroup analysis

The OSAS group was divided into two subgroups (OSAS-
low hypoxemia and OSAS-high hypoxemia) in order to
investigate the effect of hypoxemia on cognition. OVMPT
total learning scores (p = .005) and OVMPT immediate
recall scores (p = .001) significantly differed between three
groups. Post-hoc analysis revealed that the OSAS-high
hypoxemia group had significantly lower OVMPT total
learning and OVMPT immediate recall scores than both

@ Springer



476

Cognitive Neurodynamics (2018) 12:471-480

Table 4 Neuropsychological

.. Tests
test scores of participants

Healthy controls (n = 34) OSAS patients (n = 54) p

OVMPT total learning scores

OVMPT immediate recall scores

130.15 &+ 9.93
7.53 £1.71

124.09 £+ 11.91 .016
6.28 £ 1.65 .001

Data are presented as mean =+ standard deviation (SD)

OSAS obstructive sleep apnea syndrome, OVMPT Oktem verbal memory processes test

Table 5 Mean P300 amplitudes

(LV) of healthy controls and Electrode Healthy controls (n = 34) OSAS patients (n = 54) p Difference %
patients with OSAS at F,, C, F, 3.89 + 1.63 2.03 + 1.68 < 001 48
and P, electrode sites

C, 4.03 £ 1.50 1.97 £ 1.85 < .001 51

P, 3.69 + 1.48 2.09 + 1.73 < .001 43

Data are presented as mean =+ standard deviation (SD)

OSAS obstructive sleep apnea syndrome, pV microvolt. Difference % is calculated with “(Healthy con-
trols-OSAS patients)/Healthy controls x 100” formula

healthy controls (p = .002; p < .001, respectively) and the
OSAS-low hypoxemia group (p = .038; p = .040, respec-
tively). There were no significant differences between
healthy controls and the OSAS-low hypoxemia group
(p > 0.05).

Repeated measures of ANOVA revealed a significant
main effect of GROUP for mean P300 amplitudes
[Fossy=14.811 p <.001]. Mean P300 amplitudes of
healthy controls were significantly higher compared to both
OSAS subgroups (Table 6). Mean P300 amplitudes
showed a gradual decline as oxygen desaturation increases;
however, the observed difference between the OSAS sub-
groups did not reach significant levels. The grand average
ERP waveforms for the three groups are presented in
Fig. 2.

Correlation analysis between ERP data,
neuropsychological test scores and sleep
parameters

Pearson correlation analysis (including both groups)
revealed moderate correlations between neuropsychologi-
cal test scores, sleep parameters and mean P300 ampli-
tudes. OVMPT total learning scores were correlated with
sleep efficiency (r = 0.267, p = .030), BMI (r = — 0.276,
p = .014), and mean P300 amplitudes at F, (r = 0.225,
p =.035), C, (r=0.273, p=.010) and P, (r=0.256,
p = .016) electrode sites. OVMPT immediate recall scores
showed correlations with sleep efficiency (r = 0.256,
p =.038), AHI (r = — 0.391, p = .001), and percentage of
time with oxygen saturation below 90% (r = — 0.255,
p =.039). WMS-R digit span forward scores were corre-
lated with mean P300 amplitudes at F, (r = 0.298,
p =.005), C, (r=0.308, p=.003) and P, (r =0.293,
p = .006) electrode sites. Furthermore, ESS scores were
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negatively correlated with OVMPT total learning scores
(r=— 0.299, p = .006), OVMPT immediate recall scores
(r=-0.391, p =.001), and mean P300 amplitudes at F,
(r=-0.359,p=.001),C,(r=—-0.399,p <.001)and P,
(r = — 0.319, p = .003) electrode sites. Percentage of time
with oxygen saturation below 90% showed correlations
with WCST number of trials to achieve the first category
(r = 0.344, p = .005).

Pearson correlation analyses were conducted separately
for OSAS-low hypoxemia and OSAS-high hypoxemia
groups. Mean P300 amplitudes and sleep parameters did
not reveal any significant correlations in both subgroups. In
OSAS-high hypoxemia group, sleep efficiency showed
moderate correlations with OVMPT total learning scores
(r=0.367, p=.046) and OVMPT free recall scores
(r =0.451, p = .012).

Discussion

OSAS is reported to be an underdiagnosed sleep disorder
which could lead to cognitive impairment when remained
untreated. In the present study, we aimed to investigate
cognitive changes in patients with severe OSAS by using
both neuropsychological testing and ERP P300. Moreover,
we explored the influence of hypoxemia levels on
cognition.

In the present study, patients with severe OSAS showed
reduced mean P300 amplitudes compared to healthy con-
trols and increased hypoxemia levels appeared to have an
adverse effect on mean P300 amplitudes. Only two patients
with OSAS were classified as cognitively impaired by a
neuropsychologist; however, all other patients had neu-
ropsychological test scores within normal limits. Statistical
analyses revealed group differences on verbal memory test
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scores, indicating lower scores in patients with OSAS
compared to healthy controls. The OSAS patients with
higher levels of hypoxemia had the lowest verbal memory
test scores when compared to healthy controls and the
OSAS patients with lower levels of hypoxemia.

The a priori hypothesis of the present study was that the
patients with OSAS would show significantly decreased
mean P300 amplitudes over parietal regions. Nevertheless,
the mean P300 amplitudes of OSAS patients showed a
widespread reduction up to 43-51% compared to healthy
controls. Previous studies reported reduced P300 ampli-
tudes in patients with OSAS (Rumbach et al. 1991; Wong

-8 “V et al. 2006; Martins et al. 2011; Vakulin et al. 2012; Akgali
et al. 2015) and some studies indicated that the decreased
P300 amplitudes remained abnormal even after CPAP
treatment (Neau et al. 1996; Kotterba et al. 1998; Vakulin
et al. 2012). These irreversible changes were associated

8 ”V with chronic effects of hypoxemia (Kotterba et al. 1998), as
the effects of sleep fragmentation on cognition should be
returned to normal levels after treatment. The current study
extends these earlier findings by further exploring the
negative effects of hypoxemia on cognition. The gradual
decline in the mean P300 amplitudes in parallel with the
increasing levels of hypoxemia suggested that hypoxemia
is an important factor linking OSAS to cognitive
impairment.

ERP P300 component has been associated with memory
and attentional processes (Polich and Herbst 2000). In the
present study, the scores of memory and attention tests
showed moderate correlations with the mean P300 ampli-

200 O 400 800 ms tudes. Moreover, subjective sleep complaints (ESS scores)
were negatively correlated with the mean P300 amplitudes
in frontal, central and parietal areas. To our knowledge,
this is the first study that investigates the impact of
hypoxemia on P300 amplitudes in patients with severe
OSAS. Only one previous study investigated the effects of
hypoxemia on N270-LPC and N270-N430-LPC ERP
components by dividing OSAS patients into two subgroups

Healthy Controls (n=34)
—— OSAS Patients (n=34)

Fig. 1 The grand average ERP waveforms, time-locked to the target
stimulus onset at F,, C, and P, electrode sites

Table 6 Mean P300 amplitudes (V) of healthy controls, OSAS-low hypoxemia subgroup and OSAS-high hypoxemia subgroup at F,, C, and P,
electrode sites

Electrode Healthy controls (n = 34) OSAS-low hypoxemia (n = 24) OSAS-high hypoxemia (n = 30) P

F, 3.89 + 1.63 2.07 £ 1.63 2.00 £+ 1.75 <.001*°
C, 4.03 + 1.50 2.10 £ 1.82 1.86 + 1.89 <.001*°
P, 3.69 £ 148 241 £ 1.73 1.83 £ 1.71 <.001*°

Data are presented as mean =+ standard deviation (SD)
OSAS obstructive sleep apnea syndrome, LV microvolt

Significant differences between groups were symbolized with: *Healthy controls versus OSAS low hypoxemia, bHealthy controls versus OSAS
high hypoxemia
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-8 uV

8 uv

200 0 400 800 ms

Healthy controls (n=34)
OSAS-low hypoxemia (n=24)
OSAS-high hypoxemia (n=30)

Fig. 2 Grand average ERP waveforms for healthy controls, OSAS-
low hypoxemia and OSAS-high hypoxemia subgroups at F,, C, and
P, electrode sites

according to their oxygen desaturation in the total sleep
time (Zhang et al. 2002). ERPs associated with processing
of conflicting information found to be altered in the OSAS
high hypoxemia group but not in the low hypoxemia group
(Zhang et al. 2002).

Cognitive dysfunction in OSAS has been studied for
many years by using neuropsychological tests and numer-
ous studies reported impairment in several cognitive
domains including memory, attention, executive functions,
working memory, motor performance and psychomotor
speed (Greenberg et al. 1987; Salorio et al. 2002; Findley
et al. 1986). According to a recent meta-analysis, executive

@ Springer

functions are predominantly impaired in OSAS while other
cognitive domains such as memory and attention are
affected to a lesser extent (Stranks and Crowe 2016). Based
on previous studies, we hypothesized that the patients with
severe OSAS would show impairment in these domains.
However, there were no significant differences between
groups on the attention and executive functioning tests in
the current study. Patients with OSAS had lower scores
only on short-term verbal memory compared to healthy
controls; however, this statistical significance does not
imply a clinical significance, as 96% of patients with OSAS
performed within normal ranges and classified as cogni-
tively normal by a neuropsychologist. One explanation for
the lack of significant clinical differences on neuropsy-
chological test performances could be a ceiling effect, as
all our participants were highly educated young adults.
Moreover, comorbidities were suggested to play a major
role in cognitive changes in OSAS (Borges et al. 2013).
Borges et al. (2013) found that when all the comorbidities
(i.e., neurological and psychiatric diseases, diabetes, obe-
sity and hypertension) were excluded, patients and controls
performed equally well on neuropsychological tests. In the
present study, all comorbidities except obesity were also
excluded and the neuropsychological test results were
consistent with the findings of the previous study.
Intermittent hypoxemia is known to affect the hip-
pocampus (Sapin et al. 2015) and frontal lobes (Morrell
and Twigg 2006), which might cause deficits in memory
and executive functions over time. In the present study, we
found that the short-term verbal memory scores were
negatively correlated with the measures of hypoxemia and
the OSAS patients with high levels of hypoxemia per-
formed significantly poorer than those with low levels of
hypoxemia. Findley et al. (1986) found that the OSAS
patients with hypoxemia had impairment in several cog-
nitive domains including short-term verbal memory in
comparison to the OSAS patients without hypoxemia.
Other studies also reported correlations between hypox-
emia measures and cognitive performance (Greenberg et al.
1987, Quan et al. 2006). Nevertheless, Hoth et al. 2013
suggested a protective advantage of higher levels of
hypoxemia on memory. The authors discussed the benefi-
cial effects of intermittent hypoxemia on the cardiovascular
system, brain, and memory with a focus on the evidence
from clinical and animal studies (Manukhina et al. 2006;
Hoth et al. 2013). In an experimental study on rats, aging
was found to be a protective factor against the harmful
effects of intermittent hypoxemia (Quintero et al. 2016).
These contradictory results between studies may stem from
the differences in the age ranges of study participants, as
the participants in our study were relatively younger
compared to the participants in Hoth et al.’s (2013) study
which included both young adult and elderly participants.
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Another possible explanation might be the exposure time to
hypoxemia (disease duration without treatment), which can
only be determined by subjective reports and thus cannot
be analyzed or reported as an objective variable in studies.

Early diagnosis and intervention in OSAS is important,
as patients are at increased risk for life-threatening
comorbidities when remain untreated (Carlson et al. 1994,
Drager et al. 2010; Peker et al. 2002; Peperell 2011).
Moreover, patients with OSAS were found to be more
likely to carry APOE &4 allele, which increases the risk of
developing Alzheimer’s disease (Gottlieb et al. 2004).
Beside the genetic tendency, exposure to hypoxemia was
also reported to be a risk factor for developing mild cog-
nitive impairment and dementia (Yaffe et al. 2011). In the
present study, neuropsychological tests failed to reveal
significant differences between the OSAS patients with low
levels of hypoxemia and healthy controls, yet electro-
physiological measures appeared to be a more sensitive
method in identifying patients with OSAS, even in mild
conditions. These results indicate that neuropsychological
tests may be inadequate to demonstrate cognitive deficits in
young patients with higher levels of education.

Beebe et al. (2003) suggested that daytime neuropsy-
chological sequelae should also be taken into consideration
in treatment planning for patients with OSAS. Determining
the effect of CPAP treatment on cognitive functions could
be difficult for OSAS patients who were classified as
cognitively normal according to the neuropsychological
test results. Nevertheless, electrophysiological methods
may provide a more useful measurement for monitoring
treatment efficiency.

In conclusion, the present study underlines the fact that
neuropsychological tests could be inadequate for identify-
ing cognitive changes in some patient groups and electro-
physiological methods may provide a more sensitive
measurement. Thus, future studies should investigate the
use of ERP P300 as a potential cognitive biomarker of
OSAS in individual basis. Moreover, combining ERPs and
other brain imaging techniques would contribute to our
understanding of cognitive dysfunction in OSAS, and
provide more information on the relation between cogni-
tion and sleep in general.
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