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Aim: Obstructive sleep apnea syndrome (OSAS) is a prevalent chronic disease characterized
by sleep fragmentation and intermittent hypoxemia. Several studies suggested that electro-
physiological changes and neurocognitive abnormalities occurred in OSAS patients. In this
study, we compared automatic processing of emotional facial expressions schematic in
OSAS patients and matched healthy controls via assessing expression-related mismatch
negativity (EMMN).

Methods: Twenty-two OSAS patients (mean age 44.59 years) and twenty-one healthy controls
(mean age 42.71 years) were enrolled in this study. All participants underwent Montreal
Cognitive Assessment (MoCA) scale test and polysomnographic recording. An expression-
related oddball paradigm was used to elicit EMMN and the electroencephalogram was recorded
and analyzed. Furthermore, Pearson’s correlations were calculated to discuss the correlation
between neuropsychological test scores, clinical variables and electrophysiological data.
Results: Compared with healthy controls, OSAS sufferers demonstrated significantly
reduced EMMN mean amplitudes within corresponding time intervals, regardless of happy
or sad conditions. Meanwhile, we observed that amplitude of sad EMMN was larger (more
negative) than happy EMNN in healthy controls, while not in patients. Moderate correlations
were found between MoCA test scores, sleep parameters and EMMN amplitudes.
Conclusion: Our findings suggested pre-attentive dysfunction of processing emotional
facial expressions in patients with OSAS, without the existence of negative bias effect.
Moreover, correlation analysis showed that clinical characteristics of OSAS patients could
affect EMMN amplitudes. Further studies on the advantages of EMMN as clinical and
electrophysiological indicators of OSAS are warranted.

Keywords: OSAS, EMMN, facial expressions, pre-attentive processing, negative bias effect

Introduction

Obstructive sleep apnea syndrome (OSAS) is a common sleep-related breathing dis-
order due to upper airway obstruction that results in apnea or hypopnea, which further
leads to hypercapnia, sleep fragmentation and intermittent hypoxemia.'* Such disor-
ders with sleep alterations are regarded as the underlying causes of cognitive dysfunc-
tion in OSAS.? Individuals with OSAS often feel unrested, fatigued, and sleepy during
the day, which may be due to hypoxemia and sleep fragmentation.* Recent interna-
tional study indicates that the estimated prevalence of OSAS is 14% in men and 5% in
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women.” A research suggests that OSAS may promote the
development of neurodegenerative disease.® Many studies
have reported many domains of neurocognitive impairments
in patients with OSAS, including selective attention,’ infor-
mation processing speed,® working memory.’

Emotion processing is an advanced cognitive process that
plays an important role in interpersonal communication. In
addition, facial expressions are important ecological stimulus
(emotional stimulus) as they convey the most fundamental
information such as an individual’s mood and intention in
social interactions, promoting interpersonal communication
and accurate and integrated perception of emotional informa-
tion is vital for effective social communication. Clinical
evidence suggests that OSAS can cause mood regulation
disorders, leading to aggressive behavior, depressive and
anxiety disorders.'® While to our knowledge, direct research
on socio-emotional processing in OSAS is not available at
present, which demands further elucidation.

Event-related potential (ERP) is a non-invasive and
relatively objective measurement that reflects cognitive
which has
a biological marker in a range of psychiatric and neurolo-

processing, been increasingly used as
gical conditions,'" as well as OSAS.'? Mismatch negativ-
ity (MMN) is an endogenous ERP component and serves
as an index for the pre-attentive processing of the detected
changes in environmental information.'* It could reflect
the difference between the ERP elicited by deviant (infre-
quent) and standard (frequent) stimuli.'* The auditory
modality of MMN has been well defined, which was
studied in chronic intermittent nocturnal hypoxemia con-
ditions in OSAS, and found that the auditory MNN latency
prolonged progressively, as hypoxemia levels aggravated,
which usually indicates impaired automatic auditory
processing.'” Another study found that OSAS patients
showed significantly prolonged latency of auditory
MMN, this result suggests that the brain function of auto-
matic processing is impaired.'® Visual MMN (VMMN)
response is the visual counterpart of the auditory
MMN,'” and convincing evidence has been provided for
the fact that vMMN exists objectively, which could be
obtained not only with physical stimuli, for instance,
motion direction,'® colors,'” spatial frequency,”® but also
with biological stimuli, such as emotional expressions.”'
The phenomenon that biological stimuli could elicit
VMMN has been verified. Using frequent happy faces (stan-
dard stimuli) and infrequent neutral faces (deviant stimuli) in
an oddball paradigm, Susac et al observed an emotion-related
negativity, an effect similar to auditory MMN.? In another

study, researchers have found expression-related VMMN
(called expression MMN, EMMN) by using an oddball para-
digm, with neutral faces served as standard stimuli and happy
and sad faces served as deviant stimuli.*® Similarly, Astikainen
and Hietanen have obtained more reliable EMMN by the
usage of pictures with different facial features.>* Studies
have shown that schematic faces used in oddball paradigm
are useful and reliable for studying the brain response to
emotional faces, which indicates that the task-irrelevant sche-
matic facial expressions could elicit EMMN.*** A study
indicates that EMMN is a biomarker that can measure cogni-
tive bias in pre-attentive processing in remitted late-life
depression.”® EMMN reflects automatic and non-conscious
facial expression information processing, and has been
increasingly applied in various psychological and neurological

. . .2 2
diseases, such as schizophrenia, 7 8

9

primary insomnia,
migraine.’

To our knowledge, there is no study investigating auto-
matic changes in processing facial expressions of OSAS
patients via the EMMN component. Thus, in the present
study, we measured EMMN elicited by schematic facial
expressions (neutral, happy and sad) with an expression-
related oddball paradigm and explored correlations
between EMMN amplitudes and clinical characteristics.
This study is the first to investigate the characteristics of
expression-related VMMN in patients with OSAS to
further understand the neurocognitive information of
expression processing at the pre-attentive stage. We
hypothesized that OSAS patients suffered from cognitive
impairment of facial expression at the pre-attentive stage.

Materials and Methods

Subjects

Twenty-nine OSAS patients (17 males) were recruited
from both the outpatient and inpatient units in the
Department of Neurology at Shandong Provincial
Hospital Affiliated to Shandong First Medical University.
We also recruited twenty-six healthy controls (HC) (14
males) from hospital/laboratory staff, which were matched
with the OSAS group, in terms of age, gender, and educa-
tion level. All OSAS patients and 26 healthy controls
completed a full-night of polysomnographic (PSG) evalua-
tion to diagnose or exclude OSAS.

The diagnosis of OSAS (apnea hypopnea index (AHI)
>5) was based on the Clinical Practice Guideline for
Diagnostic Testing for Adult Obstructive Sleep Apnea: An
American Academy of Sleep Medicine Clinical Practice
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Guideline.*° Inclusion criteria for the OSAS group were:
patients diagnosed with OSAS according to the above guide-
line; educational level with either high school education or
higher level of education; had no history of treatment for
OSAS and exhibited no visual impairment (had normal or
corrected-to-normal vision) and right-handed. The exclusion
criteria included factors that may cause cognitive impairment
and affect sleep or daytime sleepiness, including other sleep
disorders, dementia, cerebrovascular disease, history of brain
traumatic injury, psychiatric disorders (ie, depression, psy-
chosis, and anxiety disorders), chronic respiratory disease,
alcohol/drug abuse such as antidepressants, hypnotics.

In addition, 7 OSAS patients (3 males) were excluded —
three patients for drift artefacts and excessive blink interfer-
ence within electroencephalogram (EEG) data, four remain-
ing for incomplete or lost clinical data. Finally, we included
22 OSAS patients (17 males). As for all healthy controls
(normal: AHI < 5), five participants (2 males) had to be
excluded. Three for technical problems during recording
and two for excessive blink interference. Thus, total of 21
healthy controls (11 males) were included for further analysis.

The ethical committee of the Shandong Provincial
Hospital Affiliated to Shandong First Medical University
(Approval No. 2018-215) approved the study, which was
in accordance with the ethical principles of the Declaration of
Helsinki. All participants provided written informed consent.

PSG Monitoring

All subjects were assessed for PSG ( Compumedics Grael
Acquisition System) recordings for at least 7 hours in Center
of Sleep Medicine at Shandong Provincial Hospital Affiliated
to Shandong First Medical University. Lowest oxygen satura-
tion during the night (MmSpO2%) and mean oxygen satura-
tion during the night (MSpO2) were measured by
a transcutaneous finger pulse oximeter. Sleep parameters
were evaluated according to American Academy of Sleep
Medicine Clinical Practice Guidelines, and AHI, MmSp02%
and MSpO2, arousal index (AI), and oxygen desaturation
index (ODI) were analyzed by experienced technicians.

Evaluation of Neurocognitive Impairment
and Daytime Sleepiness of OSAS

Montreal Cognitive Assessment (MoCA) scale is used to
screen mild cognitive impairment quickly and conveniently
for all participants.’' It takes about 15 minutes to perform
the MoCA test, with a score of 30 points, which is used to
assess eight aspects of cognitive functions, including

Visuospatial &Executive, Naming, Memory&delayed recall,
Attention, Language, Abstraction, Orientation. Scores below
26 are considered neurocognitive impairment.

The Epworth Sleepiness Scale (ESS)*? is a short, easy to
administer, and self-rated questionnaire that includes eight
items concerning everyday situations, and is used to evaluate
daytime sleepiness for all participants. Responses to each
item are ranked from 0 to 3 according to the chance of
dozing (0 = no chance of dozing, 1 = slight chance of dozing,
2 = moderate chance of dozing, 3 = high chance of dozing).
A total score >10 indicates the presence of sleepiness.

To ensure the reliability and accuracy of measurement,
subjects were required to perform these tests between
10:00 and 11:00 a.m., and were evaluated by the same
professional psychologist.

Stimuli and Procedures

Fifty-four schematic faces with happy, sad, and neutral
expressions were presented at the center of the screen
(23 in.) and each schematic face were made up of 18
different facial models, which were modulated by chan-
ging the shape and distance of the facial features in order
to avoid low-level processing of facial emotion. Each
stimulus lasted for 150ms, with an inter-stimulus interval
(offset-to-onset) of 450ms and a visual angle of 3.8°x4.0°
at a 70 cm viewing distance (Figure 1).

The stimulus procedure of expression-related oddball
paradigm (Figure 2): neutral faces as standard stimuli,
happy and sad faces as deviant stimuli. The target stimuli,
fixation crosses with enlarging sizes, were always shown
at the center of the screen, which prevented contamination
by artifacts associated with motor response and active
tasks. The changes in the size of the fixation cross were
independent of the presentation of different facial expres-
sions (neutral, happy and sad), and participants were
instructed that emotional faces on two sides of screen did
not relate to their performance on the task. Three
sequences were conducted with 211 trials for each (stan-
dard: 151 neutral faces; deviant: 30 happy and 30 sad
faces). To establish a sensory memory pattern, 10 standard
stimuli (neutral faces) were shown at the beginning of the
stimulus sequence, and there were at least two standards
between successive deviants. The participants were seated
in a quiet and electrical shielding room between 10:00 and
11:00 a.m., and were asked to pay attention to unpredict-
able changes in the cross (“+”) at the center of the screen
and respond by pressing the button (“/””) on the keyboard
as rapidly as possible, while ignoring facial stimuli on both
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sides of the cross. Three short exercises were conducted
before the formal test to familiarize the subjects with the
procedure, but their EEG was not recorded.

Recording of EEG Signals

EEG were continuously recorded using the Neurolab EEG/
ERPs 32-channel Amplifier system with Ag-AgCl active
electrodes. The EEG recording electrodes were placed
according to the international 10-20 system, and the refer-
ence electrode was placed on Fpz, two electrodes are
placed above and below the right eye and 10 mm from
the right outer canthi to record the vertical and horizontal
electrooculogram (EOG) signals. Electrode impedance
was always held below 5kQ throughout the experiment,
hardware high pass filter 0.05 Hz and the low pass filter of
100 Hz and the sampling rate of 1000 Hz was used.

EEG Data Analysis and Measurement

The EEG data were analyzed by ASA 4.9.3 software, and
independent component analysis (ICA) was applied to
correct EOG artifacts.®® After correction for EOG artifacts,
EEG with a 600ms period was segmented into the epoch
from 100ms pre-stimulus to 500ms post-stimulus. The
trials contaminated with artifacts exceeding +100uV and
the target at which the participants’ responses occurred
were excluded before averaging. The EEG segments
were averaged for standard and deviant stimuli and single-
subject waveforms were used to form group-averaged
waveforms.

As showed in Figure 3, all emotion stimuli elicited P1,
N170 and P250 components in OSAS patients and healthy
groups. EMMN is obtained by subtracting ERP of the
standard stimuli (neutral faces) from the ERP of the devi-
ant stimuli (happy and sad faces), respectively. The mean
amplitudes of EMMN in two time windows were mea-
sured, which included 150-250ms time window after sti-
mulus onset as early EMMN, and 250-350ms time
window after stimulus onset as late EMMN. Since the
reported posterior distributions*® and limitation of the 32-
site montage, only subsets of the sites were further

analyzed for EMMN. This included lateral sites P7 and
P8, centered sites Ol and O2, and left (M1) and
right (M2).

When preprocessing and measurements of EEG data,
researchers were blind concerning subjects’ identity and
diagnosis, but acquisition of EEG signals was not blinded.

Statistical Analysis

Quantitative data are presented as the mean + standard
deviation (SD). The comparisons of two groups in contin-
uous demographics and clinical variables were analyzed
by independent r-tests or the y* test. Repeated-measures
analysis of variance (ANOVA) was used to analyze the
EMMN mean amplitude, with expression (happy and sad),
electrode (P7/P8, O1/02 and M1/M2) and hemisphere (left
and right) as within-subject factors, and group (OSAS
patients vs healthy controls) as a between-subject factor.
The degrees of freedom were corrected using Greenhouse—
Geisser epsilon for a sphericity assumption violation.
Further post hoc analysis was carried out using the
Bonferroni correction. A one tailed #-test was conducted
to reflect differences in the EMMN mean amplitude and
zero as described by Yin et al.?’ Pearson product-moment
correlation coefficients (r) were calculated to discuss the
correlation between neuropsychological test scores, clini-
cal variables, and electrophysiological data. All analyses
were performed using SPSS 23.0 software (SPSS Inc.,
Chicago, IL, USA) and results with P < 0.05 were con-
sidered as statistically significant. Effect sizes of results
were reported as partial eta squared ().

Results

Subject Characteristics

The demographic and PSG data of healthy controls and
patients with OSAS are shown in Table 1. There were no
significant differences in age, gender, and education level
between two groups (all P > 0.1). However, OSAS
patients presented significantly greater BMI than control
subjects (P < 0.001). Patients with OSAS had an illness
history ranging from 4 to 5 years. Moreover, between

BHBEHBVOH SO

Figure | Samples of the fixation cross and standard (neutral faces) and deviant stimuli (happy or sad faces) that were mediated by altering the shape and distance between

the facial features.
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Figure 2 The expression-related oddball paradigm.

groups, greater differences were observed for sleep para-
meters, which included AHI, ODI, MSpO,, and MmSpO,
% (P < 0.001, P < 0.001, P < 0.001 and P = 0.001,
respectively). In terms of daytime sleepiness, assessed by
ESS, OSAS patients were clearly higher score compared
with healthy controls (P < 0.001), and there was lower
score in MOCA scores for OSAS groups (P < 0.001).

Behavioral Performance

The participants’ reaction time (RT) to the cross changes
was evaluated and there were no significant differences
between OSAS patients (362.22 + 32.87ms) and healthy
controls (355.84 + 39.79ms, P =0.569).

ERP results

The grand-averaged ERP waveforms elicited by standard
(neutral faces) and deviant stimuli (happy and sad faces) in
OSAS patients and HC at P7/P8 sites are presented in
Figure 3, while the grand-averaged EMMN waveforms
are shown in Figure 4 and the analyses of EMMN compo-
nents are summarized in Table 2.

In early time window of 150-250ms, there was
a significant main effect of group (F (1, 41) = 14.895,
P < 0.001, partial 3> = 0.266), indicating larger early
EMMN amplitudes (more negative) in controls (-0.55 +

B

0.13 pV) compared with OSAS sufferers (0.18 = 0.13 pV).
Across groups, facial expressions were shown to modulate
EMMN amplitude (F (1, 41) = 9.501, P = 0.004, partial n*
= 0.188), and the interaction between group and emotion
was significant (F (1, 41) = 5.095, P = 0.029, partial n° =
0.111). Post-hoc analysis showed that both amplitudes of
happy EMMN and sad EMMN in HC group (-0.26 + 0.16
uV for happy EMMN, —0.83 + 0.14 uV for sad EMMN)
were larger (more negative) than those of the OSAS group
(0.22 £ 0.16 uV, P = 0.04 for happy EMMN; 0.13 + 0.14
uV, P < 0.001 for sad EMMN), implying that amplitudes
of EMMN in patients with OSAS were significantly
decreased, regardless of happy or
Furthermore, EMMN amplitude elicited by sad facial
expression (—0.83 + 0.15 pV) was larger than that of

sad condition.

happy facial expression (=0.26 + 0.16 pV) in HC group
(P = 0.001), but this phenomenon was not observed in
OSAS group (P = 0.558). Additionally, we found notice-
able main effect of electrode (F (1.39,56.80) = 5.78, P =
0.012, partial 1> = 0.123) as well, with most negative
EMMN amplitude at P7/P 8 electrodes (—0.36 + 0.09 uV).

Similar to results in early EMMN analysis, the late
EMMN amplitude was significantly reduced in OSAS
patients (0.31 + 0.15pV) compared with HC group (-
0.57 + 0.15pV, F (1, 41) = 17.610, P < 0.001, partial >
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Figure 3 Grand-averaged ERP waveforms for standard (neutral faces) and deviant stimuli (happy and sad faces) at P7 and P8 sites.

= 0.300). The expression effect (F (1, 41) = 9.658, P <
0.003, partial 5> = 0.191), together with a significant group
x expression interaction (F (1, 41) = 4.552, P = 0.039,
partial n° = 0.100), were obtained as well. Subsequent
comparisons demonstrated that significant differences
existed under both happy condition (0.36 + 0.18uV and —
0.29 + 0.18uV for OSAS patients and HC, respectively;
P =0.014) and sad condition (0.26 £+ 0.15uV and —0.86 +
0.16uV for OSAS patients and HC, respectively; P <
0.001). In HC group, sad EMMN (-0.86 + 0.16uV) was
found to be larger than happy EMMN (0.29 £ 0.18uV, P =
0.001), but not in patients with OSAS (P = 0.490).

In order to further demonstrate the existence of
EMMN, the EMMN amplitude of each group was com-
pared to zero. For early and late EMMN of HC group, the
mean amplitude of EMMN at each channel was signifi-
cantly different from zero (Ps < 0.01), regardless of happy
or sad faces, except for the mean amplitude of EMMN
elicited by happy facial expressions at the M1/M2 channel
(all P > 0.05). On the contrary, in the OSAS group, these
comparisons did not reach significant levels for both happy
EMMN and sad EMMN (all P > 0.05), indicating the
absence of early EMMN, regardless of happy or sad
conditions.

Correlations Between EMMN Amplitude

and Clinical Characteristics

We analyzed the correlations between EMMN amplitude
and Age, BMI, AHI, ODI, MSpO,, MmSpO,%, Al,
MOCA and ESS in OSAS patients and healthy controls
(Table 3). The amplitude of EMMN was positively corre-
lated with AHI, BMI and ESS, indicating that more apnea-
hypopnea events were associated with more negative
EMMN amplitudes. EMMN amplitude also showed sig-
nificant and negative correlations with MSpO, and
MOCA, whether happy or
However, ODI was only positively correlated with early

under sad conditions.
and late happy EMMN. No obvious correlations were
found between amplitude of EMMN and clinical charac-
teristics in healthy controls.

Discussion

In the present study, using an expression-related oddball
paradigm to investigate pre-attentive processing of facial
expressions, we found that although the reaction time for
detecting cross change did not differ between two groups,
the amplitude of EMMN declined significantly in patients
with OSAS compared with HC, regardless of sad or happy
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Table | Demographic and Clinical Characteristics of Healthy
Controls and OSAS Patients

Healthy OSAS thx2 P
Controls Patients
N 21 22
Age 42.71+5.85 44.59+4.75 | —1.158 | 0.254
Age range 30-53 35-56
Gender (M/F) 11/10 14/8 0.559 0.455
Education(year) | 12.29£2.05 12.274£2.39 | 0.019 0.985
BMI (kg/m?) 25.66x1.61 28.57+1.34 | —6.474 | 0.000%**
History (year) - 4.23+0.922
AHl(events/h) 2.62+1.02 23.59+4.02 | —23.664 | 0.000%**
ODI 6.62+2.92 27.82+4.86 | —17.238 | 0.000%**
MSpO2 96.52+0.93 94.55+1.26 | 5.832 0.000%**
MmSpO2% 85.90+3.42 81.23+4.64 | 3.749 0.001%*
Al 19.38+5.49 21.18+4.67 | —I.161 0.252
MoCA 27.33x0.91 25.41+1.37 | 5.447 0.000%#*
ESS 4.95+2.58 17.824£2.54 | —16.488 | 0.000%**

Notes: Data were expressed as mean + SD. **P < 0.01, **P < 0.00| by Student’s
t-test (two-tailed).

Abbreviations: OSAS, obstructive sleep apnea syndrome; M, male; F, female; BMI,
body mass index; ESS, Epworth Sleepiness Scale; AHI, apnea hypopnea index; ODI,
oxygen desaturation index; MSpO2, mean oxygen saturation during the night;
MmSpO2%, lowest oxygen saturation during the night; Al, arousal index; MoCA,
Montreal Cognitive Assessment.

condition. In addition, these electrophysiological abnorm-
alities were directly correlated with AHI and MSpO?2.

In our study, we found that the significant group effects
of EMMN mean amplitudes, and post hoc analyses
showed that the amplitudes of EMMN were significantly
reduced in OSAS patients compared with healthy control,
regardless of happy or sad condition. Since MMN could be
elicited even in the absence of attention or behavioral
response and reflect the capability of automatic processing

3435 the aforementioned results

of sensory information,
suggested that patients with OSAS might suffer from pre-
attentive emotional processing abnormalities. Furthermore,
source localization analysis was performed by Kimura et -
al** further demonstrating that EMMN had its main gen-
erators in frontal, limbic, temporal and occipital lobes, and
the activation of occipitotemporal lobe was observed in
early EMMN, while frontal and limbic activations
occurred in almost all stages of EMMN. Interestingly,

Yaouhi et al confirmed gray matter loss in the temporo—

parieto—occipital and frontal cortices using a high-
resolution MRI scanning in OSAS patients.*® Recent
study of cerebral functional imaging and damage showed
that decreased brain gray matter volume with quantitative
neuroimaging in OSAS patients.>” Thus, there is the pos-
sibility that alterations in corresponding brain regions
might explain pre-attentive dysfunction of facial expres-
sions, while the underlying neural mechanisms deserve
further elucidation.

Another key finding was that the mean amplitude of
EMMN for sad facial expressions was significantly larger
than that for happy facial expressions in the control group,
implying that healthy people are more sensitive and able to
process negative emotional information. In line with our
findings, previous studies have shown that EMMN
reflected pre-attentive change detection of facial emotion,
with larger amplitude for negative facial expression than
for positive one in controls.?>*® In addition, a study pro-
posed that people could process negative emotional infor-
mation more quickly and efficiently.’® From an

electrophysiological perspective, the abovementioned
results supported the proposed theory of negative bias
effect.

In order to assess the relationships between EMMN
amplitudes and clinical variables of OSAS sufferers,
Pearson’s correlations were calculated. Almost no correla-
tions were found between EMMN and Age, Al, MmSpO,
%, but we discovered that there were positive correlations
between EMMN amplitudes and BMI, ESS, AHI, and they
were also negatively correlated with MSpO,, indicating
that several clinical characteristics of OSAS patients
could potentially modulate pre-attentive emotion proces-
sing abnormalities. Consistent with our results, some stu-
dies found that sleepiness cause attenuation amplitude of
auditory MMN, these results could suggest that cognitive
pre-attentive processing is impaired.*>*' Furthermore, an
interesting result is that the amplitude of EMMN was
negatively correlated with MoCA score. Montreal
Cognitive Assessment (MoCA) covering various impor-
tant domains of neurocognitive functions,’' which was
used to assess eight aspects of cognitive functions, these
eight aspects were subdivided into 12 themes and 30
separate items. Although abovementioned brain function
field could not enough to explain the cognitive impairment
of automatic processing of emotional facial expressions
under the pre-attentive condition in patients with OSAS,
one possible explanation is that EMMN reflects mis-

matches between an infrequent facial expression and the
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Figure 4 The grand-averaged EMMN waveforms in patients with OSAS and healthy

memory of a frequent facial expression, and is likely to
represent a wider range of neurocognitive associations.*
Future research results may further promote understanding
of the neuropsychological mechanism of emotion cogni-
tion and increase the brain’s understanding of this part of
emotional facial expressions under the pre-attentive con-
dition processing function.

The main advantages of the present study are standardized
subject selection criteria and collection of detailed OSAS

characteristics. In addition, this is the first research to examine

HC
P7
P8
Happy EMMN
Sad EMMN

controls at P7/P8 site.

relations between expression-related MMN and OSAS by
using expression-related oddball paradigm with high sensitiv-
ity. Previous findings have indicated that simple schematic
faces might be beneficial to clinical research and
application,” so multiple schematic facial models were used
to avoid low-level processing of facial features and eliminate
the possible influence of facial gender and race. It should be
noted that this study has several limitations constraining expla-
nation of our present findings. Firstly, the small sample size

might have confined the study of the effects of gender, age and

Table 2 Results and Analyses of Mean EMMN Amplitudes (uV) in Healthy Controls and OSAS Patients

Time Healthy Controls EMMN OSAS Patients EMMN Statistics
Amplitude (pV) Amplitude (pV)
Happy Sad Happy Sad Group Emotion GroupXEmotion
F(1,41)/y2 F(1,41)/n2 F(1,41)/n2
150-250ms | —0.261+0.163 —0.830+0.145 0.224+0.160 0.136+0.142 14.895%+%/0.266 | 9.501*%/0.188 | 5.095%/0.111
250-350ms | —0.290+0.183 —0.855+0.155 0.360+0.178 0.260+0.152 17.610%+%/0.300 | 9.658*¥/0.191 | 4.552%/0.100

Notes: Data were expressed as mean + SD. *P < 0.05, **P < 0.0] ***P < 0.00| by analysis of variance with repeated measures (Bonferroni correction).
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Table 3 Correlations Between Mean EMMN Amplitudes and Clinical Characteristics in OSAS Patients and Healthy Controls

Group Early EMMN Amplitude Late EMMN Amplitude
(150-250ms) (250-350ms)
OSAS patients Happy EMMN Sad EMMN Happy EMMN Sad EMMN
r (p value) r (p value) r (p value) r (p value)
Age 0.048 (0.024)* —0.021 (0.925) 0.359 (0.101) 0.207 (0.355)
BMI 0.548 (0.008)** 0.662 (0.001)** 0.496 (0.019)* 0.502 (0.017)*
AHI 0.536 (0.015)* 0.516 (0.020)* 0.460 (0.041)* 0.606 (0.005)**
ODI 0.529 (0.017)* 0.198 (0.404) 0.444 (0.050)* 0.268 (0.253)
MSpO2 —0.495 (0.026)* —0.464 (0.039)* —0.483 (0.031)* —0.363 (0.003)**
MmSpO2% —0.361 (0.118) 0.076 (0.750) —0.317 (0.173) —0.149 (0.532)
Al —0.125 (0.600) —0.380 (0.099) —0.126 (0.598) —0.329 (0.156)
MOCA —0.662 (0.001)** —0.423 (0.050)* —0.607 (0.003)** —0.558 (0.007)**
ESS score 0.619 (0.002)** 0.477 (0.025)* 0.579 (0.005)** 0.579 (0.005)**
Healthy controls Happy EMMN Sad EMMN Happy EMMN Sad EMMN
r (p value) r (p value) r (p value) r (p value)
Age 0.088 (0.593) 0.064 (0.607) 0.059 (0.693) 0.147 (0.586)
BMI 0.103 (0.635) 0.198 (0.401) 0.116 (0.613) 0.216 (0.321)
AHI 0.321 (0.136) 0.317 (0.172) 0.362 (0.114) 0.308 (0.179)
ODI 0.184 (0.425) —0.013 (0.941) 0.151 (0.489) 0.079 (0.700)
MSpO2 0.283 (0.135) 0.249 (0.210) 0.314 (0.052) 0.225 (0.250)
MmSpO2% 0.161 (0.493) —0.159 (0.510) 0.124 (0.601) 0.096 (0.698)
Al 0.157 (0.488) —0.083 (0.716) 0.327 (0.135) 0.175 (0.437)
MOCA 0.032 (0.878) 0.001 (0.997) 0.046 (0.0853) 0.056 (0.803)
ESS score 0.115 (0.616) 0.200 (0.398) 0.126 (0.598) 0.199 (0.400)

Notes: Early EMMN in the windows of 150—250ms, Late EMMN in the windows of 250—350ms. r represents product-moment correlation coefficient. *P < 0.05, **P < 0.0

by Pearson’s correlations (two-tailed).

specific clinical characteristics, and the distinctions between
the severity of OSAS among patients were not explored either.
Larger cohorts should be increased to explore the differences
of EMMN amplitude in mild, moderate and severe patients and
regression analysis should be added to explore the influence of
relevant factors on EMMN amplitude. Secondly, although
schematic emotional faces were simple and reliable,** real
faces should also be used to further investigate this issue.
Finally, source analysis was not conducted in this experiment,
and we wish to work on it in future studies to reveal the
underlying areas of network-level pathology.

Conclusions

Our study revealed pre-attentive processing of task-irrelevant
emotional information was impaired in patients with OSAS,
regardless of sad or happy facial expressions, meanwhile the
negative bias effect was also not found, suggesting that the
advantage of OSAS patients in automatic processing of sad
expression was not obvious compared with that of happy

expression. Notably, these electrophysiological parameters

were negatively correlated with MSpO, and positive correla-
tions with AHI, indicating the potential effect of some clin-
ical characteristics of OSAS patients on automatic emotional
processing. Considering the high prevalence and neurocog-
nitive impairment of OSAS, EMMN might be used as
a sensitive electrophysiological biomarker, while the relia-
bility and efficacy demand further investigations.
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