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StudyObjectives:People show a facial recognition speed advantage, termed positive classification advantage (PCA), when judgingwhether a facial expression
is happy compared to angry or sad. This study investigated emotional face recognition by patients with obstructive sleep apnea (OSA) with impaired neurocognition.
Methods: Thirty-four patients with OSA and 26 healthy control patients who underwent 1 night of polysomnographic evaluation before recruitment were asked to
complete an emotion recognition task. Accuracy rates and reaction times were recorded and analyzed using repeated-measures analysis of variance.
Results: When participants were asked to classify positive (happy) versus negative (sad) emotional expressions, the phenomenon of PCA disappeared.
Importantly, however, comparedwith the control patients who showedPCA, patients with OSA identified sad faces faster but were similar in processing happy faces.
Conclusions: In accordance with previous studies that showed depressive emotion in patients with OSA, our results indicate that patients with OSA show
negative bias in facial expression recognition, which might lead to decline in ability of social communication.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: It is important for people to recognize facial emotional reactivity in social interaction. Patients with obstructive sleep
apnea show impaired facial expression recognition, but we have not determined whether patients with obstructive sleep apnea have the advantage of
positive facial expression as in otherwise healthy individuals.
Study Impact:Our findings suggest that obstructive sleep apnea impairs recognition of emotional states and leads to rapid perception of negative emotional
expressions. The D-value of response time between 2-face validity in both groups was closely related to apnea-hypopnea index and Epworth Sleepiness
Scale and Montreal Cognitive Assessment scores.

INTRODUCTION

Obstructive sleep apnea (OSA) is associatedwith episodic sleep
disruptions in airway patency, followed by reduced oxygen
saturation and increased arousals throughout the night. OSA is
characterized by loud snoring, excessive daytime sleepiness,
and even psychological symptoms such as depression.1 Obvi-
ous sleep quality problems confirmed by polysomnography
(PSG)may cause cognitive changes that also comprise the most
commondaytime symptoms. In recent years, it has become clear
that patients with OSA show significant cognitive dysfunction
associatedwith deficits in attention,2,3 executive function,4,5 and
episodic memory,6,7 and the severity of cognitive impairment
correlates closely with that of OSA.

Information processing is an important aspect of cognitive
functioning and its speed is reduced by cognitive impairment8;
thus, it is essential to observe information processing speed
when assessing cognitive function. Most information gained

from the surrounding environment is obtained visually. Faces
are unarguably the most important stimuli in social interactions
and facial expression is one of the most important types of
signal. It is important for people to recognize facial emotional
reactivity and modulate their emotional state. Recognition of
happy faces facilitates cooperation with and influences other
people in social interaction.9

Deficits in facial emotional information processing are a
common symptom in sleep disorders. The recognition of facial
expression was impaired after 1 night of sleep deprivation and
resulted in a more negative response to neutral pictures10 and an
increased reaction to negative emotional pictures,11 which was
normalized after 1 night of recovery sleep.12,13 Moreover, other
findings suggest that alterations of socioemotional processing
are present in patients with chronic sleep disorder.14,15 In the
aforementioned studies, participants were required to catego-
rize the intensity using three to six emotional categories, and the
results indicated that sleep is involved in regulating emotional
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evaluation. Whether experimental acute deprivation10–13 or
chronic disorder,14,15 sleep problems raise the possibility of
alterations in emotional processing that has implications for
many social interactions and work contexts. However, defini-
tive evidence about a specific effect of OSA on self-reported
processing of facial expressions remains sparse. Patients
with sleep apnea performed worse in recognizing facial
expressions, but only showed reduced accuracy for the
happiness and sadness scales using the Facial Expressed
Emotion Labeling (FEEL) test, and not for other emotions.15

Unfortunately, this test failed to find the difference between
happiness and sadness.

Studies on the mechanism of cognitive impairment in pa-
tients with OSA have shown that in addition to sleep rhythm
disorders, chronic intermittent hypoxia is another major cause
of cognitive impairment. In animal models,16 it has been proven
that chronic intermittent hypoxia causes cognitive impairment,
and the mechanism is still under further study. Exposure to
chronic hypoxia, such as plateau hypoxia,17 would result in
human behavioral and mood disturbances, and cognitive im-
pairment. If there is a possibility of hypoxemia, patients with
chronic obstructive pulmonary disease may have cognitive
impairment, such as information processing.18 Similarly, be-
cause of chronic hypoxia, patients with OSA have obvious
alterations in brain electrical activity that are associated with
emotional regulation.19 Extrapolating from the aforementioned
literature, the performance of patients with OSA in the cate-
gorization of positive and negative expression remains unclear.

Other correlative studies on facial expression processing
have found some interesting phenomena in healthy volunteers
that are particularly relevant to information processing speed.
Early in the century, consistent evidence showed that positive
facial expressions are recognized faster and more accurately
compared with all of the other five basic emotional faces, in-
cluding sadness, anger, and disgust.20–23 In those studies on
facial expression recognition, participants were asked to cate-
gorize pictures of facial expressions according to their emo-
tional valence or state, and they showed a recognition speed
advantage when judging whether facial expression was happy.
Such happy face recognition advantage is called positive
classification advantage (PCA).24–26 PCA can always be ob-
served regardless of task conditions and stimulus type. In 2004,
Leppänen and Hietanen replicated earlier findings and showed
PCAbetween happiness and sadness using the schematic face.23

The empirical method can detect people’s emotional prefer-
ences accurately, and the tester can determine the individual’s
emotional status or cognitive biases through the test results.
Such a method has been widely used in research on cognitive
aspects of clinical disorders (eg schizophrenia,27,28 Parkinson
disease,29 and autism30). It has even been proposed that facial
recognition can be used as a diagnostic indicator for the latent
period or early stage of Alzheimer disease.31 Facial expression
recognition is important in clinical settings, and additional
research will be needed to clarify whether there are processing
differences between happiness and sadness for patients with
OSA. Therefore, happy faces are chosen as a positive facial
expression and sad faces as a negative facial expression in
categorization tasks.

There is clinical evidence that patients with OSA show
impaired facial expression recognition when compared with
normal individuals. In the current study, we focused on facial
expression processing speed and expression classification
performance in patients with OSA. We aimed to validate: (1)
whether patients had the advantage of positive facial expres-
sion, as in otherwise healthy individuals; and (2) whether pa-
tients had a longer or shorter reaction time in recognizing happy
and/or sad faces compared with healthy control patients.

Participants
We recruited 34 patients with OSA (age 20–60 years) and
26 age- and education-matched healthy control patients. Those
with OSAwho did not undergo any treatment intervention were
either inpatients or outpatients at the Center of Sleep Medicine,
Shandong Provincial Hospital in Jinan, China. All patients and
control patients underwent 1 night of PSG evaluation, and were
required to go to bed before 10:00 PM andwake up at 6:00 AM the
next day. The diagnosis and comorbidities were assessed by a
trained clinician. The next day after PSG monitoring, all the
volunteers who self-reported sleepingmore than 6 hours a night
accomplished the emotional expression recognition task at
10:00 AM and completed all the questionnaires, including
Epworth Sleepiness Scale (ESS), Montreal Cognitive Assess-
ment (MoCA), and Zung Self-Rating Depression Scale (SDS).
It was confirmed by PSG that the total sleep time of all vol-
unteers was indeed more than 6 hours.

Inclusion criteriawere (1) age 20–60 years; (2) no psychiatric
and/or medical disorders; and (3) for patients with OSA, apnea-
hypopnea index (AHI) ≥ 5 events/h and for control patients,
AHI<5 events/h.All reported that theyhadnormal or corrected-
to-normal vision. Exclusion criteriawere: (1) another diagnosed
sleep or circadian disorder; (2) periodic limbmovement index >
15 events/h based on PSG; (3) history of a medical, neurologic,
or psychiatric disorder (eg, severe episode of major depression,
generalized anxiety disorder, specific phobia, or panic disorder,
other than OSA) that could influence excessive daytime
sleepiness; (4) alcohol/substance abuse (within 12 months of
study entry); (5) medication known to have an effect on brain
function, sleep, and daytime vigilance (eg sedatives or hypnotic
agents); (6) history of obsessive–compulsive disorder, post-
traumatic stress disorder, bipolar disorder, psychotic disorder,
developmental disorder, or any other physicalmedical condition; or
(7) left-handedness. Moreover, patients in the control group were
excluded if they had any current or previous history of OSA.

Participants provided written informed consent prior to
participation in the study, and the project was approved by
the Ethics Committee of Shandong Provincial Hospital, which
acts to meet the demands of the Declaration of Helsinki.

METHODS

The study applied an emotional expression recognition task, in
which different face models were used in order to avoid ex-
cessive repetition of an individual facemodel.Many repetitions
of a single face model might have made the test monotonous
and resulted in unwanted biases. Each expression category
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consisted of 18 different face models by manipulating the
distance among facial features and bymanipulating the shape of
the facial features32 (Figure 1). Each of the 18 stimuli in one
expression category was presented twice, making up 108 trials
(18 faces × 3 facial expressions × 2) in one block in total. The
task was programmed using E-Prime2.0 Psychology Software
(Psychology Software Tools, Inc., Pittsburgh, Pennsylvania,
USA) and the pictures were shown on a 20-inch computer
screen. All participants were instructed to view at a distance
from the screen fromwhich they could read the task instructions
and identify the stimuli clearly.

The entire test included the following sequence of events.
First, before the practice trials, it was essential to make sure
that all participants had read the test instructions and un-
derstood the procedure. After 12 practice trials, there was a
hint of the official start of the experimental trials. The
schematic faces were presented in random order and one face
was shown for 300 ms. The face was followed by a gray
rectangle in line with the size. As the neutral expression
disappeared, the gray rectangle was presented for 600–800 ms,
but after emotional expression, the gray rectanglewasmaintained
on the screen until the participant made a response by pressing
one of the labeled keys on a standard computer keyboard. The
participants were required to identifywhich of the three emotions
(happy, neutral, or sad) was presented on the screen and to in-
dicate their choice by pressing a correspondingly marked re-
sponse key as quickly and accurately as possible. Both handswere
used to respond so that the index finger of the left hand was used to
press the left-hand key “Z”, and the index finger of the right hand
pressed the right-hand response key “/”. The markings of the
response keys (happy–sad/sad–happy) were balanced between
the participants. There were 2 blocks with a short break in
between. The experimenter stayed in the room while the par-
ticipant finished the task.

Statistical analysis
Statistical analysis was performed using SPSS 20.0 (Chicago,
Illinois, USA). We used the chi-square test to compare nu-
merical data. Differences in continuous demographic and
clinical data, PSG data, and scale scores were analyzed by
independent-samples t tests. For comparison of expression
recognition data, we also used an independent-samples t test
to analyze the effects between groups, but in one group,
comparison of the time variables between different expressions
was analyzed by paired-samples t tests. Repeated-measures
analysis of variance was conducted for both indicators
(group and expression), with expression (happy and sad) as the

within-subjects factor. The relationship between clinical data
and D value of reaction times (RTs) were assessed by Pearson
correlation. A value of P < .05 was taken as significant.

RESULTS

The demographic and clinical characteristics of the 2 groups are
summarized in Table 1. The participants were divided into
2 groups: healthy control patients and patients with OSA based
on PSG results. There were significant differences in AHI
(0.89 ± 0.87 versus 40.37 ± 31.86 events/h, t = 7.222, P < .001)
and nadir of arterial oxygen saturation (SaO2) (95.08 ± 2.02
versus 75.38 ± 16.54 %, t = 6.876, P < .001) between the 2
groups. All participants were matched for demographic data,
such as sex (P = .071), age (37.85 ± 7.09 versus 40.15 ± 10.93
years, t = 0.986, P = .328), and years of education (15.54 ± 3.83
versus 13.79 ± 3.50, t = 1.838, P = .071), but not body mass
index (BMI) (23.82 ± 2.84 versus 28.22 ± 5.88 kg/m2, t = 3.510,
P = .001). The groupswere not matched for scale scores, such as
ESS (2.92 ± 1.94 versus 11.09 ± 5.38, t = 8.177, P < .001) and
MoCA (28.12 ± 0.95 versus 25.35 ± 2.21, t = 6.529, P < .001),
but there was no significant difference in SDS scores (35.85 ±
3.43 versus 37.56 ± 3.89, t = 1.777, P = .081).

For each participant, including all patients and healthy
control patients, the accuracy rate (ACC) was the percentage of
correct responses, RT was the average time for correct reaction,
and the difference value of RT (DiffRT) was the D-value of sad
expression RT minus happy RT. Before analyzing the recog-
nition speed data, we analyzed the mean percentage of accurate
responses to 2 expressions as a function of response category
(Figure 2). Patients with OSA had worse ACC compared with
that of healthy control patients. There was no main group effect
in ACC (F = 0.595,P = .444); whether for happy face (t = 0.345,
P = .732) or sad face (t = 0.930, P = .356), the performance
of each group was similar. There was no main expression
effect (F = 0.051, P = .822), nor group-by-expression inter-
action (F = 0.333, P = .566) detected in ACC. No significant
difference was found between the groups when recognizing
different expressions.

For RT analysis, incorrect responses were excluded, and
responses with RTs more than ± 2 standard deviations from the
mean in each condition were removed. As the statistical
model used for percentages of correct responses, the RTs
were analyzed in the same way (Table 2 and Figure 3). The
main effect of the group was not significant (F = 0.116, P =
.734), showing that RTs were similar between 2 groups (mean
654.62 ms for the patient group and mean 665.45 ms for
the normal group). A significant main effect was obtained for
expression (F = 8.753, P = .004), indicating that RT was sig-
nificantly faster for happiness recognition (mean 651.16 ms)
than that for sadness recognition (mean 667.46 ms). There was
a significant interaction of group by expression (F = 10.969,
P = .002) detected in the RTs. In the normal control group,
the RT to happy face stimuli (mean 645.14 ms) was faster
than for sad faces (mean 685.76 ms, t = 5.705, P < .001),
reflecting obvious PCA. However, the difference between the 2
expressions was not significant in the OSA group (mean

Figure 1—Example stimuli of facial expressions.
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655.76 ms versus 653.47 ms, t = 0.231, P = .819). For different
validity of facial expressions, the healthy control group (mean
685.76 ms) performed slower compared with patients with OSA
(mean653.47ms, t=1.049,P = .299) for sad face categorization,
and no significant difference was found for happy face recognition
(mean645.14msversus655.76ms, t=0.313,P= .755).However,
there was a significant difference in the DiffRT (40.63 ms
versus −2.29 ms, t = 3.312, P = .002) between the 2 groups.

Correlations in the whole cohort were identified, although
weak, between ACC or RTs and age, years in education, BMI,
AHI, nadir SaO2, ESS score, MoCA score, and SDS score
(Table 3). In ACC, only the sad face categorization was

negatively correlated with age (r = −.263, P = .042) and AHI
(r = −.260, P = .045), and positively with years in education
(r = −.370, P = .004). For RTs, happy and sad expressions were
both positively related to age (r = .343, P = .007, and r = .327,
P = .011, respectively), and inversely to years in education
(r = −.311, P = .015, and r = −.257, P = .047, respectively).
Stronger positive correlations were detected between DiffRT
and MoCA scores (r = .662, P < .001) (Figure 4). Addi-
tionally, DiffRT was found to be negatively correlated with
AHI (r = −.328, P = .011) (Figure 5) and ESS score (r = −.296,
P = .022) (Figure 6). ESS and MoCA scores had opposite
correlationswithBMI (r= .528,P< .001, and r=−.404,P= .001,
respectively), AHI (r = .578, P < .001, and r = −.682, P < .001,
respectively) and SaO2 (r = −.675, P < .001, and r = .581,
P < .001, respectively).

DISCUSSION

To evaluate performance of facial expression classification
by patients with OSA whose AHI and SaO2 were significantly

Table 1—Demographic and clinical data of participants.

Characteristic Control
(n = 26)

OSA
(n = 34) t P

Female, n 10 6 .071

Age, years 37.85 ± 7.09 40.15 ± 10.93 0.986 .328

Education, years 15.54 ± 3.83 13.79 ± 3.50 1.838 .071

BMI, kg/m2 23.82 ± 2.84 28.22 ± 5.88 3.510 .001

AHI, events/h 0.89 ± 0.87 40.37 ± 31.86 7.222 < .001

SaO2 nadir, % 95.08 ± 2.02 75.38 ± 16.54 6.876 < .001

ESS, score 2.92 ± 1.94 11.09 ± 5.38 8.177 < .001

MoCA, score 28.12 ± 0.95 25.35 ± 2.21 6.529 < .001

SDS, score 35.85 ± 3.43 37.56 ± 3.89 1.777 .081

With the exception of the proportion of women in each group, all values are mean ± standard deviation. AHI = apnea-hypopnea index,
BMI = body mass index, ESS = Epworth Sleepiness Scale, MoCA = Montreal Cognitive Assessment, OSA = obstructive sleep apnea, SaO2 = arterial oxygen
saturation, SDS = Zung Self-Rating Depression Scale.

Figure 2—Accuracy rates of responses to different
expressions between groups (mean, %).

OSA = obstructive sleep apnea.

Table 2—Reaction times of responses to different
expressions between groups.

Control OSA

Happy 645.14 ± 102.24 655.76 ± 148.01

Sad 685.76 ± 121.34 653.47 ± 115.73

D-value 40.63 ± 36.32 −2.29 ± 57.88

Results are mean ± standard deviation. OSA = obstructive sleep apnea.

Figure 3—Reaction times of responses to different
expressions between groups (mean, ms).

OSA = obstructive sleep apnea.
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abnormal based on PSG results, the phenomenon of PCA
was observed in 34 patients compared with an otherwise
healthy control group. Patients who identified happiness
and sadness had similar accuracy rates as did the healthy control
group; however, volunteers in 2 groups showed different RTs
for the same task. Patients identified happiness slower than did
the control group but identified sadness faster. These results
suggested that the recognition of facial expression in valance
was qualitatively similar but quantitatively different between
the groups. In line with previous results,24–26 the healthy control
groupdisplayed the obvious phenomenonofPCA. In agreement
with our previous hypothesis, patients had impaired recognition
of emotional states and showed negative emotional bias in
emotion categorization. The D-value of response time between
2-face validity was different, which showed PCA in the control
group and a similar time in the OSA group, and it was closely
related to AHI and ESS and MoCA scores.

It has been shown that information conveyed by emotional
signals is processed swiftly by the sensory systems, and

depending on recognizing emotional expressions in social
communication, people should understand the feelings and
intentions of other people and adjust their behavior timeously to
adapt to the situation.33 Crönlein et al15 investigated the effect
of chronic sleep disturbance on emotional processing perfor-
mance using a FEEL task, involving six emotional expression
categories: anger, anxiety, fear, happiness, disgust, and sadness.
Their results showed that patients with sleep apnea and those
with psychophysiologic insomnia showed significantly worse
performance in the FEEL test as compared to the control group.
Differences were seen in the scales of happiness and sadness.
Unlike the study of Crönlein et al, we focused on patients with
OSA whose sleep disorders were identified by PSG monitoring
in this study. To investigate socioemotional processing in pa-
tients with insomnia relative to healthy control patients,
Kyle et al14 found that it was less emotionally intense patients
with chronic insomnia who rated facial expressions displaying
sadness and fear. This finding showed for the first time that
alterations of emotional processingwere present in patientswith

Table 3—Correlations between results of response and demographic and clinical characteristics.

Age Edu BMI AHI SaO2 ESS MoCA SDS

ACC

Happy
r −.040 .015 −.095 −.152 .223 −.127 .147 −.082

P .764 .912 .468 .247 .087 .334 .264 .532

Sad
r −.263a .370b −.212 −.260a .251 −.116 .206 −.157

P .042 .004 .104 .045 .053 . 376 .114 .230

RTs

Happy
r .343b −.311a .057 .122 −.051 −.042 −.152 .081

P .007 .015 .666 .354 .698 .747 .246 .539

Sad
r .327a −.257a −.033 −.016 .053 −.181 .135 −.025

P .011 .047 .805 .903 .689 .167 .304 .848

DiffRT
r −.105 .183 −.208 −.328a .239 −.296a .662b −.250

P .425 .161 .111 .011 .066 .022 .000 .054

aCorrelation significant at .05 level (2-tailed). bCorrelation significant at .01 level (2-tailed). ACC=accuracy rate, AHI = apnea-hypopnea index, BMI = bodymass
index, DiffRT = difference value of reaction time, Edu = education, ESS = Epworth Sleepiness Scale, MoCA = Montreal Cognitive Assessment, RT= reaction
time, SaO2 = arterial oxygen saturation, SDS = Zung Self-Rating Depression Scale.

Figure 4—Correlation between difference value of reaction
time (DiffRT) and Montreal Cognitive Assessment (MoCA).

Figure 5—Correlation between difference value of reaction
time (DiffRT) and apnea-hypopnea index (AHI).
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chronic insomnia. Although they only showed lower intensity
ratings for expressions of sadness and fear on a behavioral level,
this raises the possibility that chronic sleepproblemsmay lead to
alterations in emotional processing that are similar to our results.
Although we demonstrated impaired facial emotion recogni-
tion in patients with chronic sleep disturbance, as reported
previously,15 our results showed further that patients with OSA
performed worse in terms of facial emotional classification.
Patients identified sadness faster than did the control group and
showed negative emotional bias. A recent study used specific
emotional expressions that were computer morphed with their
confusable expression counterparts.13 It showed that young
volunteers showed reduced accuracy for identifying happiness
and sadness after 1 night of total sleep deprivation, and the
accuracy returned to baseline after recovery sleep.Although it is
possible that different effectswould be obtained if a different set
of expression stimuli were tested,13–15 the results provide ad-
ditional evidence that emotional expression processing im-
pairment was closely associated with sleep disorder. Notably,
evidence from neuroimaging studies shows hypoactivation of
the prefrontal cortex in patients with insomnia.34 Similarly,
abnormal amygdala activity and connectivity have been found
in patients with insomnia, which is consistent with acute sleep
deprivation.35,36 It is still unclear what is the mechanism of
emotional recognition impairment in patients with sleep dis-
order. Future work in this area will be needed to clarify this
issue, especially in patients with OSA.

Our results show that the D-value of RT is closely related to
AHI and not to SaO2; however, Borges et al37 found that ex-
ecutive function of patients with OSA was not related to AHI,
but positively related to oxygen saturation. Hypoxia is indeed
an important cause of cognitive dysfunction. In addition to
structural brain abnormalities related to cognitive function,
patientswith chronic obstructive pulmonary disease18may have
cognitive domains impairment, such as information processing.
A experimental study suggests that chronic hypoxia would
cause cognitive impairment. The researchers performed a

31-day simulated climb in a hypobaric chamber and found
behavioral and mood disturbances and alterations in cognitive
functions.17 Chronic intermittent hypoxia is an important clin-
ical feature of patients with OSA. It was supported by animal
models showing chronic intermittent hypoxia resulted in cog-
nitive impairment.16 The results of our study showed that the
expression recognition ability of patients with OSA with low
SaO2 did change. The results of correlation also showed that the
response time, especially D-value of RT between different facial
expressions, was related to ESS and MoCA. Considering the
risk factors of cognitive function, such as chronic intermittent
hypoxia and abnormal sleep rhythm, we found the higher the self-
reported sleepiness score, the lower the cognitive function score.
Therefore,wehavereason tobelieve that improving thesleepquality
of patients with OSA can improve their cognitive function.

Patients with OSA are accompanied by many psychological
diseases, including depression. This different degree of nega-
tive emotions will affect their quality of life. Patients with
depression perform abnormally in the face recognition task.
They show negative emotional bias,38,39 and even a negative
interpretation of neutral mood.40,41 In the current study, the
impaired facial expression processing in patients with OSA
mainly reflected negative emotional bias, showing similar re-
sponse to happy face recognition but shorter time to sadness
recognition compared with the control group. Patients with
OSA generally have depressive emotions, which manifest as
daytime sleepiness, appetite alteration, impaired concentration,
and irritability.1 Currently, it is not clear whether depressive
emotions affect the performanceof patientswithOSA in the face
recognition task. To ensure both groups in our study were
matched psychologically, the SDS42 was used to investigate
whether the participants had depressive mood. Patients with
OSA in the current study showed similar emotional bias as those
with depression. Therefore, we were convinced that negative
bias in patient performancewas not caused by depressivemood.

As mentioned previously, people show a recognition speed
advantage such as PCA when judging an emotional facial ex-
pression. But how do we explain the happy face advantage in
expression recognition? Some different hypotheses have been
proposed. Although the current data cannot explain all the
possible mechanisms, these hypotheses can help us to com-
prehend the happy face advantage in expression recognition.
Mendolia43 holds that happy faces are the only positive ex-
pression compared with all the other expressions that share
negative affective valence and cause mutual competition
and interference during recognition. Other research44 suggests
that happy expressions are recognized best because they are
encountered most often in daily communication. This is sup-
ported by studies in which some visual features of happy faces
facilitated recognition.45–47 Although the findings of previ-
ous studies have been summarized by meta-analysis, these
conflicting views should be reconciled in future studies about
the happy face recognition advantage.33 There is mounting
evidence that facial expression classification ability is impaired
in patients with other diseases, such as schizophrenia,27,28

Parkinson disease,29 autism,30 and Alzheimer disease,31 as
mentioned earlier. Functional magnetic resonance imaging
and event-related potential48,49 have shown that cognitive

Figure 6—Correlation between difference value of reaction
time (DiffRT) and Epworth Sleepiness Scale (ESS).
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function, including emotional face recognition processing, is im-
paired in patients with early-stage mild cognitive impairment.
Similar to those patients, emotional face recognition of patientswith
OSA is abnormal, and does not show the phenomenon of PCA.

It has been shown that patients with OSA and PCA share
common factors, such as sex and obesity. Women appear to be
better at recognizing their own and others’ emotions; therefore,
we have reason to believe that our results would be affected by
sex.50–52 Unfortunately, although our data show that there is
no significant sex difference between the 2 groups, it is nec-
essary to increase the number of volunteers to observe the effect
of sex on the results. Weight is an important issue regarding
OSA and emotional recognition. Most of the patients with OSA
are overweight and, at the same time, obesity is accompanied
by sleep disorders, and even sleep apnea. It has been confirmed
that individuals with obesity have impaired ability to recognize
and accurately identify emotions,53 and it is difficult to decode
facial emotion even for children who are overweight or with
obesity.54 However, whether obesity has an effect on perfor-
mance of facial expression recognition in our patient group
should be confirmed in further studies. Although the results of
this experiment suggest that RT is related to age and years in
education, the further limitation of our studywas that we did not
consider other factors affecting the cognitive performance of
patients with OSA, such as increasing age, educational level,
and severity of OSA.8 The severity of cognitive impairment
correlates closely with that of OSA. It is possible that the
consequences of patients’ performance can better be com-
pensated when the severity of the disease is mild. In future
studies, we will focus on the effect of the severity of OSA on
expression processing.

In conclusion, our findings suggest that OSA impairs cog-
nitive function and leads to rapid perception of negative
emotional expressions. This may result from the mechanisms
for recognizing emotions from facial expressions. Leppänen
et al23 studied the happy face advantage with schematic
faces and noted that participants decoded the faces in a holis-
tic manner in processing happy and sad faces rather than
responding to individual features alone. Miyata et al55 clearly
revealed that the perception of emotional expressions depends
on the shape of themouth. Our results confirm that patients with
OSA have impaired expression classification ability. However,
some questions remain. In what way do patients with OSA
process emotional information in facial expression recognition
tasks; is it a feature-based or holistic process? Does such
negative bias lead to maintenance of their own negative emo-
tional state or rapid detection of negative emotional messages
from others? Finally, does successful treatment of OSA, such
as recovery sleep after deprivation, improve performance in
emotional recognition tests? There are several other factors
along with OSA that are connected to impaired neurocognition.
These questions will be addressed in future studies.

ABBREVIATIONS

ACC, accuracy rate
AHI, apnea-hypopnea index

BMI, body mass index
DiffRT, difference value of reaction time
ESS, Epworth Sleepiness Scale
FEEL, Facial Expressed Emotion Labeling test
MoCA, Montreal Cognitive Assessment
OSA, obstructive sleep apnea
PCA, positive classification advantage
PSG, polysomnography
RTs, reaction times
SaO2, arterial oxygen saturation
SDS, Zung Self-Rating Depression Scale.
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