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Abstract

Purpose: 

Obstructive sleep apnea (OSA) is a sleep disorder characterized by repeated nocturnal 
desaturation and sleep fragmentation. OSA can result in decreased daytime alertness and 
neurocognitive dysfunction. Although continuous positive airway pressure (CPAP) has been 
shown to improve daytime sleepiness in patients with OSA, the effect of CPAP on cognitive 
function is still controversial. 

Methods: 

A total of 45 patients with OSA were enrolled in this study. All patients completed three 
cognitive tasks (the psychomotor vigilance task, the Eriksen flanker task and the Stroop task) 
and two questionnaires (the Pittsburgh Sleep Quality Index (PSQI) and the Epworth Sleepiness 
Scale (ESS)) to measure cognitive function and daytime sleepiness before and after 3 months 
of standard CPAP treatment. 

Results: 

The majority of patients showed significant improvements in ESS and PSQI scores after three 
months of treatment. In addition, CPAP therapy resulted in a decrease in reaction time and 
error rate in incongruent trials in the flanker task. In the Stroop task, CPAP treatment resulted 
in an increase in accuracy rate and decreases in error rate and omission rate in congruent trials 
and an increase in accuracy rate and decreases in reaction time, error rate and omission rate 
in incongruent trials. There were no significant changes in performance on the psychomotor 
vigilance task test.

Conclusions: 

A three-month CPAP therapy resulted in significant improvement in daytime sleepiness and 
increased executive function but did not have an effect on psychomotor vigilance in patients 
with OSA.
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In this study, we evaluated subjective daytime 
sleepiness (ESS), sleep quality (PSQI) and 
three objective clinical tasks (the psychomotor 
vigilance task, the Eriksen flanker task and 
the Stroop task) to investigate attention and 
cognitive functions of patients with OSA before 
and after 3 months of CPAP treatment. 

Methods

In this prospective study, we enrolled 62 patients 
(47 men and 15 women) with moderate-to-
severe OSA (defined as an apnea-hypopnea 
index (AHI) score ≥15 derived from standard 
polysomnography) who were treated at the Sleep 
Center at the Hualien Tzu-Chi General Hospital 
during the period 1 January 2014 to 31 December 
2014. All of the enrolled subjects received 
CPAP treatment and agreed to participate in 
follow-up assessments for CPAP compliance. 
At 3-month follow-up, 45 (33 men and 12 
women) of the 62 patients had completed 
CPAP treatment with good compliance and 
had undergone the Epworth Sleepiness Scale 
(ESS), the Pittsburgh Sleep Quality Index 
(PSQI), the psychomotor vigilance task, the 
Eriksen flanker task and the Stroop task before 
and after CPAP treatment. All of the enrolled 
subjects were >20 years of age. Patients who 
had previously been diagnosed/treated with 
any neurological or psychological disease that 
would have interfered with the accuracy of the 
five tests were excluded from the study. Those 
who cannot cooperate with the five tasks 
were excluded from the study. The hospital’s 
Institutional Review Board approved this 
study and all of the participants provided 
informed consent. The study was funded by 
Hualien Tzu Chi General Hospital, Taiwan 
(TCRD 103-34). 

 � Polysomnography and CPAP titration 
study

All of the patients underwent 1 night of standard 
type 1 attended polysomnography (Embla 
A10, Embla, Broomfield, CO) [2] and a CPAP 
titration study at our Sleep Centre. The optimal 
CPAP titration pressure was defined as the 
pressure needed to achieve an AHI of less than 
5/hour according to the clinical guidelines for 
CPAP titration of the American Academy of 
Sleep Medicine [14]. All of the patients who 
received CPAP treatment used a US Food and 
Drug Administration (FDA)-approved CPAP 
system (Apex medical XT auto CPAP 9S-
005200, Taipei, Taiwan, R.O.C). Compliance 

Introduction

Obstructive sleep apnea (OSA) syndrome 
involves recurrent upper airway collapses leading 
to episodes of hypoxemia and arousal during sleep 
[1]. Clinical features of OSA include snoring, 
daytime sleepiness, and sleep fragmentation [2]. 
Many studies have reported that patients with 
OSA have significant impairments in cognitive 
function, executive function and psychomotor 
vigilance [3-5]. Jackson, et al. reported that 
patients with OSA have significant impairments 
in attention and vigilance function and also 
in memory and executive function [6]. These 
cognitive impairments can lead to difficulty 
in concentration, increased forgetfulness and 
problems with decision making.

The treatment of choice for OSA is continuous 
positive airway pressure (CPAP). CPAP treatment 
has been shown to correct recurrent upper airway 
collapses and intermittent hypoxemia, which 
can in turn decrease sleep fragmentation [7]. 
Weaver and Chasens [8] and Sanchez, et al. [9] 
reported that CPAP treatment resulted in partial 
reversibility of cognitive dysfunction. A meta-
analysis conducted by Kylstra, et al. revealed 
that CPAP treatment for OSA has a minor effect 
on attention but does not result in significant 
improvements in vigilance, working memory, 
memory, verbal fluency or visuoconstruction 
[10]. 

Functional magnetic resonance imaging studies 
have shown that patients with OSA have reduced 
frontal activation of the anterior cingulate 
cortices, middle frontal gyri and inferior frontal 
gyri. Zhang et al found an association between 
arousal index and severe hypoxia with slow 
reaction times and frontal mismatch-related 
activation in patients with OSA, which suggests 
that both hypoxia and sleep fragmentation 
contribute to frontal dysfunction in these 
patients. Structural volume changes have been 
demonstrated in brain regions in patients with 
OSA, including areas that regulate memory 
and executive function (e.g., frontal cortex, 
anterior cingulate cortex and hippocampus) 
[11]. In addition, growing evidence suggests that 
OSA-related changes in brain morphology may 
improve with CPAP treatment [12]. Two of the 
most common attentional control paradigms are 
conflict adaptation and conflict frequency [13]. 
Attentional control functions are associated 
with neural activity in the frontal lobe area, 
particularly in the dorsolateral prefrontal cortex 
and anterior cingulate cortex.
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for more than 4 hours per day for at least 70% 
of the 3-month treatment course was defined as 
good compliance.

Measures

 � Questionnaires

The ESS is an 8-item questionnaire that asks 
respondents to answer each question from 0 
(not at all likely to fall asleep) to 3 (very likely 
to fall asleep), with a total score ranging from 0 
(minimum) to 24 (maximum) [15]. All of the 
enrolled subjects also completed the PSQI, a 
commonly used instrument designed to measure 
sleep disturbance and sleep habits within a 1 
month period [16]. The questionnaire consists of 
19 items including subjective sleep quality, sleep 
latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, use of sleeping medications, 
and daytime dysfunction. 

 � Studied tasks

The enrolled patients were asked to complete 
psychomotor vigilance; flanker and Stroop tasks, 
in which all cognitive task were generated using 
E-prime 2.0.

 � Psychomotor vigilance task

The patients were instructed to press a button 
as quickly as possible when a red 50 millisecond 
(ms)-counter appeared on a small screen. Upon 
pressing the button, the screen displayed the 
reaction time for 1 second, thus giving instant 
feedback on the individual’s performance. 
Stimuli appeared in a random pattern with an 
inter-stimulus interval varying between 2 and 
10 seconds. Each test lasted for 30 minutes 
and consisted of approximately 250 stimulus 
presentations. Each subject also performed a 
single 1-min practice test before the first trial. 
We assessed the following outcome measures: 
(1) reciprocal reaction time (RT) as a measure 
of speed (1/RT (lapses included) and 1/RT500 
(lapses excluded); (2) range between the 10th 
and 90th percentiles of speed as a measure of 
variability of response (1/ RT variability, with 
and without lapses); (3) the fastest 10% of the 
RTs; (4) the slowest 10% of the RTs; (5) false 
RTs, defined as the number of false starts divided 
by the number of valid stimuli in percentage; (6) 
the number of lapses (defined as a RT>500 ms); 
(7) average lapse time in milliseconds (defined 
as the RT during lapses minus 500 ms); and 
(8) cumulative lapse time in the 30-minute test 
session [17].

Executive task

 � Flanker task

In this study, we used the arrow version of 
the flanker task. Each trial started with a fixed 
white cross ‘+’ which was displayed on a black 
background for 500 ms. A horizontal visual 
array of five arrows appeared immediately after 
the fixed cross disappeared and lasted for 50 ms. 
The target arrow was in the centre of the visual 
array and was flanked on each side by two arrows 
pointing in the same direction (congruent) or 
opposite direction (incongruent) as the target. 
The results of the congruent and incongruent 
trials were presented as equal probabilities. The 
patients were required to press a designated key 
on a keyboard in response to the target arrow as 
quickly and accurately as possible. The next trial 
started 2 seconds after a key press or 4 seconds 
after the presentation of the arrow stimuli of the 
preceding trial if there was no response. After 12 
practice trials, the patients completed four blocks 
of 64 trials each, with 1-minute breaks between 
blocks. We assessed the following outcome 
measures of the congruent and incongruent 
trials: (1) mean RT of correct trials; (2) intra-
individual RT variability of correct trials, defined 
as the standard deviation of RT divided by 
the mean RT; (3) accuracy; (4) error rate; (5) 
omission rate; (6) post-conflict slowing time 
(slowing after an incongruent, correct trial); and 
(7) post-error slowing time (slowing after an 
error) [18].

 � Color-word stroop task

Subjects were presented with ink colour of colour-
words (red, blue, yellow, and green) printed 
either matched the ink colour, or interfered 
with it. Congruent and incongruent trials were 
presented with equal probabilities. Subjects 
were instructed to respond to the ink color of 
the words by pressing one of four response keys 
with maximal speed and accuracy. Each trial 
started with a fixed cross ‘+’ being displayed for 
500 ms, followed by the target. The target was 
presented until a response was given but did 
not exceed 2 seconds, and was followed by an 
inter-trial interval of 2 seconds. After 12 practice 
trials, the patients completed four blocks of 72 
trials each, with 1 minute breaks between blocks. 
We assessed the following outcome measures 
of the congruent and incongruent trials: (1) 
mean RT of correct trials; (2) intra-individual 
RT variability of correct trials, defined as the 
standard deviation of RT divided by the mean 
RT; (3) accuracy; (4) error rate; (5) omission 
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rate; (6) post-conflict slowing time (slowing after 
an incongruent, correct trial); and (7) post-error 
slowing time (slowing after an error) [19].

Data collection

Data including age, sex, body mass index, daytime 
sleepiness (determined using the ESS and PSQI) 
were recorded. All of the study participants 
completed the psychomotor vigilance, flanker and 
Stroop tasks in a quiet isolation room in the morning 
without any interference. The questionnaires and 
tasks were performed at baseline (before treatment) 
and at 3 months after CPAP treatments.

Statistical analysis

The sample size was determined according to 
previous studies on CPAP treatment in patients 
with anxiety and depression [10]. The paired 
t-test was used to compare scores on the ESS, 
PSQI, and PVT, flanker and Stroop tasks before 
and after CPAP treatment. A p value<0.05 was 
considered to indicate statistical significance. 
All statistical analyses were performed using the 
statistical package SPSS for Windows (Version 
14.0, SPSS, Chicago, IL).

Results

 � Demographic data

Of the 62 enrolled patients with OSA, 45 (33 
men, 12 women) had good compliance with 
CPAP treatment and completed all of the tasks. 
The mean age of these patients was 47.8 ± 10.7 
years, the mean body mass index was 29.8 ± 4.6 
kg/m2 and mean neck circumference was 39.0 
cm. The majority (93%,43/45) of the enrolled 
patients or their partners complained about 
snoring. The mean AHI was 57.9 ± 25.4/hour 
and the mean oxygen desaturation index was 
42.3 ± 25.8/hour (Table 1). Between 62 enrolled 
subjects, 10 patients cannot cooperate with our 
CPAP machine with poor compliance and 7 
patients did not want second task due to long task 
time. In the other hands, only 15 patients had 
comorbid medical disease with diabetes mellitus 
and hypertension. Those who had comorbidity 
with OSA continued their usual drugs through 
our 3-month study period.

 � ESS and PSQI questionnaires

Before CPAP treatment, the mean ESS score 
was 11.6 and the mean PSQI was 10.1. After 
3 months of CPAP treatment, there were 
significant decreases in ESS score and PSQI, 

indicating improvements in subjective daytime 
sleepiness and sleep quality (Figure 1).

 � Psychomotor vigilance task (PVT)

In the present study, no significant improvement 
in PVT was noted after three months of CPAP 
therapy (Table 2). 

Executive Task

 � Flanker task

No significant improvements were found in 
reaction time, accuracy rate, error rate or omission 
rate in congruent trials in the flanker task after 
3 months of CPAP treatment. A significantly 
shorter reaction time (p=0.02) and lower error 
rate (p<0.001) were found in the incongruent 
trials in the flanker task after 3 months of CPAP 
therapy. There were no significant changes in 
post-conflict slowing or post-error slowing in the 
flanker task after CPAP treatment (Table 3).

 � Stroop task

In the Stroop task, a significantly increased 
accuracy rate (p=0.006) and significantly 
decreased error (p=0.007) and omission 
(p=0.048) rates in congruent trials were found 
after 3 months of CPAP therapy. In addition, 
a significantly shorter reaction time (p=0.005), 
higher accuracy rate (p<0.001), lower error rate 
(p<0.001) and lower omissions rate (p<0.001) 
were also noted in the incongruent trials of the 
Stroop task after 3 months of CPAP therapy. 

Table 1: Demographic and polysomnographic data.

Subject n 45 (males=33, 
females=12)

Age (years) 47.778 ± 10.693
BMI (kg/ m²) 29.841 ± 4.555
NC (cm) 38.955 ± 3.571
AHI (/h) 57.944 ± 25.417
ODI (/h) 42.284 ± 25.800
AI (/h) 31.630 ± 17.706
NREM sleep (%)
 N1 29.347 ± 14.780
 N2 42.401 ± 13.533
N3 7.281 ± 6.829
REM sleep (%) 26.851 ± 40.801
Total sleep time (min) 389.307 ± 41.133
Sleep effect (%) 87.588 ± 6.755
Data are shown as mean ± SD. BMI: body mass index; 
N1: non-rapid eye movement sleep stage 1; N2: non-
rapid eye movement sleep stage 2; N3: non-rapid eye 
movement sleep stage 3; NC: neck circumference; 
NREM: non-rapid eye movement; REM: rapid eye 
movement; AHI: apnea-hypopnea index; AI: arousal 
index; ODI: oxygen desaturation index.
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However, no significant changes in post-
conflicting and post-error slowing were noted 
(Table 4).

Discussion

In the present study, a three-month regimen 
of CPAP therapy resulted in significant 
improvements in daytime sleepiness and 
executive function, especially in incongruent 
trials. 

Daytime sleepiness is the chief complaint of 
patients with OSA. The ESS and PSQI are the 
two most commonly used self-reported clinical 
evaluation tools in sleep laboratories, and their 
scores have been shown to improve after four 
weeks of CPAP treatment [20]. Deng reported 
that 3 months of CPAP therapy resulted in 
improved ESS and PSQI scores in patients with 
OSA, which is consistent with our findings [21].

Vigilance and attentional control have been 
shown to be impaired in patients with OSA. 
Thomann reported that patients with OSA had 
a slower speed, greater variability, more lapses, 
and longer lapse times in psychomotor vigilance 
tasks than healthy controls [22]. Furthermore, 
Verstraeten, et al. reported that patients with 
OSA showed decreases in visual vigilance, 
characterized by lapses in attention and state 
instability [4]. However, the treatment effect 
of CPAP in patients with OSA has rarely been 
studied. In a meta-analysis, Kylstra, et al. found 
that CPAP had a significant effect on divided 
attention but a weak effect on improving 
sustained attention [10]. On the other 
hand, Aloia, et al. reported no improvement 
in constructional ability or psychomotor 
function after CPAP therapy [23]. Persistent 
intrinsic neural dysfunction may explain the 
functional impairments in patients with OSA. 
Our study also showed that three months of 

Figure 1: Three-month treatment effect of CPAP on ESS and PSQI scores.

Table 2: Three-month treatment effect of CPAP on the psychomotor vigilance task.
PVT measures Baseline CPAP treatment
1/RT (1/s) 3.38 ± .69 3.27 ± .65
False RT (number >100 ms) .016 ± .13 .016 ± .13
Lapses 15.76 ± 40.00 5.69 ± 13.56
Average Lapse Time 251.12 ± 242.49 167.32 ± 158.10
Total Lapse Time (s) 2.09 ± 3.56 1.24 ± 1.43
Data are shown as mean ± SD. RT: reaction time. 

Table 3: Three-month treatment effect of CPAP on the flanker task.
Flanker task measures Baseline CPAP treatment
Congruent trials

Correct RT 383.44 ± 111.88 364.58 ± 83.42
AR (%) 96.72 ± 5.68 97.96 ± 6.30
ER (%) 0.64 ± 1.80 0.21 ± 0.42
OR (%) 2.63 ± 5.03 1.83 ± 6.13

Incongruent trials
Correct RT 482.06 ± 171.80 437.69 ± 80.69*

AR (%) 88.04 ± 16.30 93.14 ± 8.68

ER (%) 7.23 ± 7.65 5.08 ± 6.14**
OR (%) 4.73 ± 14.36 1.77 ± 5.84

Post-conflict slowing 8.65 ± 16.80 -0.53 ± 30.48
Post-error slowing -24.22 ± 182.94 -18.07 ± 167.67
Data are shown as mean ± SD. AR: accuracy rate; ER: error rate; OR omission rate RT: reaction 
time. *p< 0.05; **p<0.005

Table 4: Three-month treatment effect of CPAP on color-word Stroop task.
Stroop task measures Baseline 3 months after CPAP treatment 
Congruent trials

Correct RT 693.58 ± 144.86 657.09 ± 149.60

AR (%) 87.95 ± 17.91 95.99 ± 6.29**

ER (%) 6.45 ± 10.55 2.29 ± 3.49**

OR (%) 5.60 ± 13.10 1.72 ± 4.93*

Incongruent trials
Correct RT 845.89 ± 168.41 779.36 ± 161.89*

AR (%) 80.00 ± 21.03 91.37 ± 9.17**

ER (%) 12.65 ± 13.70 6.35 ± 6.76**

OR (%) 7.35 ± 13.05 2.28 ± 5.62**

Post-conflict slowing 20.37 ± 45.30 -4.04 ± 69.40

Post-error slowing 55.65 ± 74.23 78.56 ± 93.25
Data are shown as mean ± SD. AR: accuracy rate; ER: error rate; OR: omission rate RT: reaction 
time. *p<0.05; **p<0.005
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CPAP therapy did not result in improvement 
in psychomotor vigilance tasks (sustained 
attention).

The flanker task is a clinical cognitive evaluation 
tool designed to assess conflict adaptation. 
Tulek, et al. reported that the degree of conflict 
adaptation was markedly lower in patients 
with OSA than in healthy controls [13]. In 
the present study, there were no significant 
improvements in the congruent trials; however, 
significant improvements in the incongruent 
trials including decreased reaction time, error 
rate and omission rate were noted after 3 months 
of CPAP therapy. In addition, there were no 
significant changes in post-conflict slowing and 
post-error slowing in the flanker task after CPAP 
treatment. The Stroop task is used to measure the 
effect of conflict frequency using colored words. 
Two blocks of the Stroop task were congruent 
and two incongruent trials. Although Tulek, et 
al. reported no significant differences in reaction 
time in the congruent and incongruent Stroop 
tasks between patients with OSA and controls, 
we found that CPAP resulted in an increase in 
accuracy rate and decreases in error rate and 
omission rate in the congruent trials, as well 
as a decrease in response time, error rate, and 
omission time and an increase in accuracy rate in 
the incongruent trials. In neuroimaging studies, 
both flanker and Stroop tasks have been shown 
to be affected by the anterior cingulate cortex 
[24,25], with diminished regional and often 
unilateral grey matter loss in brain morphology 
in patients with OSA [26]. However, Prilipko, 
et al. reported that CPAP treatment for patients 
with OSA did not result in complete recovery 
from the hypoxemic insults in the left and right 
insula, right medial prefrontal cortex, and right 
anterior cingulate cortex. This implies that some 
of the hypoxemic damage in patients with OSA 
cannot be reversed, even with long-term CPAP 
therapy [27].

There are several limitations to this study. First, 
we did not perform the same cognitive tasks 
in healthy controls for comparison. Therefore, 
practice effect of the measuring cognitive task 
should be taken into consideration. However, 
practice effect was seldom seen in Stroop and 
Flanker task [28], and improvements about 
3-9% was described as large and clinical relevant 
other than practice effect [29]. (The major 
improvements of Flanker and Stroop task in our 
study were greater than 10%). Second, we did 
not include a randomized control group with 
sham CPAP. Third, the patient number was 

relatively small. Further large-scale studies are 
needed to confirm our results.

In conclusion, we found that a three-month 
regimen of CPAP therapy resulted in significant 
improvement in daytime sleepiness and executive 
function but not in psychomotor vigilance, 
particularly in the incongruent trials in patients 
with OSA. This finding suggests that CPAP 
therapy has a greater effect on conflict adaptation 
than on psychomotor attention.
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