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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by nocturnal hypoxia and frequent arousal 
during sleep as a result of repetitive nocturnal respiratory pauses.1 In the Wisconsin sleep co-
hort with stratified random sample of Wisconsin state employees aged 30–60 years, the preva-
lence of OSA defined as a clinical syndrome was 2% in women and 4% in men.2 OSA contrib-
utes to comorbidities of cardiovascular disease or metabolic dysfunction, and progression of 
cancer by increasing sympathetic activation with blood pressure elevation and vascular inflam-
mation with endothelial dysfunction.3 OSA also has significant neuropsychological problems 
including stroke, cognitive decline, depression, headaches and peripheral neuropathy.4

The effect of OSA on cognition is not well-documented.5 Although cognitive decline was 
unrelated with severity of OSA in some studies, significant impairments in the several neuro-
cognitive assessments such as vigilance, executive functioning, or coordination were reported in 
the OSA patients, as compared to healthy individuals.6 Several different mechanisms of cogni-

Received: April 14, 2016
Revised: May 31, 2016
Accepted: June 14, 2016
Correspondence
In-Young Yoon, MD, PhD
Department of Neuropsychiatry, 
Seoul National University Bundang Hospital, 
82 Gumi-ro 173beon-gil, Bundang-gu, 
Seongnam 13620, Korea
Tel +82-31-787-7433
Fax +82-31-787-4058
E-mail iyoon@snu.ac.kr

Effects of Continuous Positive Airway Pressure Treatment 
on Cognitive Functions in the Korean Elderly 
with Obstructive Sleep Apnea

Suk-Hoon Kang, MD1,2, In-Young Yoon, MD, PhD3,4, Sang Don Lee, MD5, Tae Kim, MD, PhD6

1Department of Psychiatry, Veterans Health Service Medical Center, Seoul, Korea
2Center for Sleep Medicine, Veterans Health Service Medical Center, Seoul, Korea 
3Department of Neuropsychiatry, Seoul National University Bundang Hospital, Seongnam, Korea
4Department of Psychiatry, Seoul National University College of Medicine, Seoul, Korea
5Department of Psychiatry, Korean Armed Forces Capital Hospital, Seongnam, Korea
6Department of Psychiatry, Kyung Hee University Hospital at Gangdong, Seoul, Korea

Background and ObjectiveaaObstructive sleep apnea (OSA) in elderly is accompanied by cognitive decline. However, it is not well 
known whether these deleterious changes can be reversed by continuous positive airway pressure (CPAP) treatment. Therefore, we aimed 
to elucidate the effect of CPAP on cognitive function in the Korean elderly with OSA.
MethodsaaForty-two patients (≥ 60 yrs) with moderate-to-severe OSA and 41 normal controls were enrolled, and divided into treated 
subjects with CPAP (n = 28) and non-treated subjects (n = 14). We performed baseline measurements of cognition using the Korean ver-
sion of the consortium to establish a registry for Alzheimer’s disease neuropsychological battery. Additionally, digit span test, Stroop color 
and word test (SCW) and executive clock drawing task were applied. About 175.6 days later, second measurements of cognitive function 
were completed.
resultsaaOSA groups had higher body mass index than normal controls (t = 3.132, p = 0.002). In comparison of cognition, OSA groups 
showed more decline in digit span test (forward; t = -3.647, p = 0.001, backward; t = -7.925, p < 0.001) with Bonferroni correction. In the 
OSA group, subjects with CPAP treatment were younger (t = 2.787, p = 0.008) and had a longer education years (t = 2.419, p = 0.020) than 
non-treated subjects. In comparison of cognition after CPAP treatment, they showed significant improvement in the executive function 
(SCW; F = 5.660, p = 0.023) after adjusting the age and education years, considering interaction effect with time and groups.
ConclusionsaaShort-term CPAP treatment could improve executive function, but might not be effective on other cognitions in the elder-
ly with OSA. Future study with long-term CPAP is required to evaluate beneficial effects on cognitive dysfunctions in elderly with OSA.
 Sleep Med res 2016;7(1):10-15
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tive dysfunction in patients with OSA are suggested.7,8 One 
mechanism is excessive daytime sleepiness causing cognitive 
impairments.7 Additionally, intermittent hypoxemia is associ-
ated with declines of motor and processing speed, spatial abili-
ties and processing speed in individuals with OSA.8 But under-
standing mechanism of cognitive deficit in OSA is complicated 
due to various clinical and demographic factors to impact cog-
nition. Aging as a risk factor for OSA is associated with other 
medical conditions. Younger adults with OSA performed better 
on cognitive tests than older adults with OSA.9 Moreover, other 
sleep disturbances such as profound changes in sleep structure, 
sleep fragmentation and earlier awakening may be considered 
as risk factors.10

Continuous positive airway pressure (CPAP) normalizes both 
sleep fragmentation and oxygen desaturation in OSA patients.11 
Significant improvement of cognitive performance, such as me-
mory, attention and executive function following CPAP treat-
ment after 3 months and 6 months was reported.12,13 Case-con-
trol designed study also reported improvement of memory and 
executive function in OSA patients treated with CPAP compared 
to age-matched healthy controls.14 However, previous studies 
on CPAP treatment for cognition had some limitations. Firstly, 
various inclusion criteria of apnea-hypopnea index (AHI) cut-
off was used to divide study subjects, such as AHI ≥ 5, AHI ≥ 
10, AHI ≥ 20, or AHI > 30.14-17 Some studies selected partici-
pants based on the number of respiratory events during sleep 
irrespective of symptoms and without American academy of 
sleep medicine (AASM) guideline of study eligibility.15 Addi-
tionally, larger sample study of 1098 participants diagnosed 
with OSA did not include older adults.13 Meanwhile, in the el-
derly population studies, small sample size and a different crite-
ria for old adults such as > 55 years or > 65 years might be meth-
odological limitations.12,17,18 Therefore, the aim of this study was 
to evaluate the effect of CPAP treatment on cognition in the Ko-
rean elderly patients aged ≥ 60 years with mild to severe OSA.

METHODS

Study Subjects
Study participants were 82 treatment-naïve elderly patients 

aged ≥ 60 years. Based on clinical interviews and medical re-
cords, individuals with neurodegenerative diseases, major de-
pressive disorder or cognitive disorder were excluded. An AHI 
of ≥ 15 was considered as diagnostic for OSA.19 Two participants 
had mild to moderate OSA (15–30), and 39 had severe OSA 
(AHI ≥ 30). The Institutional Review Board of Seoul National 
University Bundang Hospital approved this study protocol. All 
study participants provided written informed consent.

Nocturnal Polysomnography and CPAP Titration
We used an Embla TM N7000 (Embla, Reykjavik, Iceland) 

and standard electrodes and sensors. Electroencephalography 
electrodes were applied at C4/A1, C3/A2, O1/A2, and O2/A1, 
and two electrooculography electrodes were applied at the sides 
of both eyes to record horizontal and vertical eye movements. 
Electromyography electrodes were applied at the submentalis 
muscle and both anterior tibialis muscles recorded limb move-
ments during sleep. Strain gauges were used to record chest and 
abdominal respiratory movements, and nasal pressure cannu-
las and thermistor were used to record airflow. Arterial oxygen 
saturation was measured using a pulse oximeter applied on an 
index finger. Based on the criteria of Rechtschaffen and Kales,20 
we scored every 30-second epoch of nocturnal polysomnogra-
phy. Apnea was defined as the complete cessation of airflow for 
at least 10 s, and hypopnea was defined as a substantial reduction 
in airflow (> 50%) for at least 10 s or a moderate reduction in 
airflow for at least 10 s associated with electroencephalography 
arousals or oxygen desaturations (≥ 4%).21 AHI was defined as 
the total number of apneas and hypopneas per hour of sleep, 
and the oxygen desaturation index was defined as the number 
of oxygen desaturations (≥ 4%) per hour of sleep. The OSA was 
diagnosed as ≥ 15 obstructive respiratory events (AHI ≥ 15) in 
this study. After the polysomnographic baseline evaluation, a 
second night polysomnography was performed in OSA pa-
tients for the titration of CPAP. The optimal pressure was the 
minimum pressure to completely eliminate apneas and hypop-
neas in each patient. CPAP compliance was calculated days 
with using CPAP in 4 hours or more of follow up duration.

Clinical Evaluation and Cognition Assessments
Clinical data were collected using a standardized protocol, 

including questions about current medical conditions and use 
of medications. Daytime sleepiness was evaluated using the 
Epworth sleepiness scale (ESS). Both treated subjects with CPAP 
treatment and non-treated subjects underwent a complete neu-
ropsychological evaluation with the following test battery. To 
ensure comprehensive neuropsychological assessments, neuro-
psychologists administered the Korean version of the consor-
tium to establish a registry for Alzheimer’s disease neuropsy-
chological battery (CERAD) and some additional tests.22 
Memory performance were assessed by the digit span forward 
(DSF) and digit span backward (DSB), word list recall (WLR) 
and constructional praxis recall (CR) in CERAD. Executive 
functions were examined by Stroop color-word test (SCW)23 
and verbal fluency of CERAD. Visuospatial abilities were per-
formed by the constructional praxis (CP) of CERAD and execu-
tive clock drawing task (CLOX2). All participants with OSA per-
formed cognitive function tests at baseline and after 3 months.

Data Analysis
Intergroup differences between OSA subjects and normal 

control, or between treated subjects with CPAP and non-treat-
ed subjects were assessed using chi-square test and indepen-
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dent t-test. The generalized linear model for repeated measure 
analysis of variance (ANOVA) test adjusted for age and educa-
tion years was used to analyze cognitive function measures over 
time with CPAP treatment. The statistical significance criterion 
was defined as a p value < 0.05 for two-tailed test. The level of 
significance for comparison of multiple neuropsychological 
tests was set at p < 0.0063 (= 0.05/8) according to Bonferroni 
correction. SPSS version 21.0 for Windows (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis.

RESULTS

Demographic and Clinical Characteristics
A total of 82 subjects participated in the study. Participants 

were divided two groups, OSA groups (n = 41) and normal 
healthy control (n = 41) (Table 1). Both groups were age and 
gender matched. OSA patients composed of 14 non-treated 
subjects who did not have a CPAP treatment, and 28 treated 
subjects who underwent CPAP titration examination and took 
CPAP treatment. Table 1 showed clinical characteristics and 
neuropsychological parameters of the study subjects. OSA 
groups had a decline of memory performance (DSF; t = -3.647, 
p = 0.001, DSB; t = -7.925, p < 0.001) with Bonferroni correction.

Baseline Clinical Characteristics and 
Polysomnographic Data between Non-Treated 
Subjects and Treated Subjects

Non-treated subjects (n = 13) were older (t = 2.787, p = 0.008) 
and had lower education years (t = -2.419, p = 0.020) than 
treated subjects (n = 28) (Table 2). Polysomnographic parame-
ters showed no difference. ESS score showed no difference be-
tween groups at baseline (t = 0.548, p = 0.588). After treatment, 
ESS score within OSA groups showed no significant difference, 
as compared to pre-treatment (t = 0.482, p = 0.421). 

Comparison of Neuropsychological Parameters 
between Treated and Non-Treated OSA Subjects 
after CPAP Treatment

Twenty-eight treated subjects and 13 non-treated subjects 
were re-examined about 176 days later. After analysis of re-
peated measures ANOVA with adjustment of age and educa-
tion, WLR test (F = 7.599, p = 0.009) and SCW (F = 4.354, p = 
0.044) revealed significant difference within subjects. No sig-
nificant interaction effect of time and group was showed except 
SCW (F = 5.660, p = 0.023) (Table 3).

Table 1. Clinical characteristics and neuropsychological parameters in OSA subjects and normal control subjects

OSA (n = 41) Normal (n = 41) t/χ2 p-value
Age (years) 66.5 (5.2) 66.6 (5.1) -0.064 0.949
Gender (male) 28 (68.3%) 28 (68.3%) 1.000 1.000
Education (years) 13.7 (4.8) 13.4 (4.3) 0.242 0.810
BMI (kg/m2) 25.3 (3.4) 23.3 (2.5) 3.132 0.002*
AHI (events/hr) 50.1 (15.9) 4.8 (3.9) 17.780 < 0.001*
Neurocognitive function tests

MMSE-KC 27.0 (3.3) 27.4 (1.7) -0.626 0.533
Memory

DSF 6.5 (1.3) 8.1 (2.3) -3.647 0.001†

DSB 4.1 (1.6) 6.7 (1.3) -7.925 < 0.001†

WLR 5.9 (2.2) 5.7 (1.7) 0.162 0.569
CR 7.2 (2.7) 7.1 (2.5) 0.170 0.865

Executive functions
SCW 37.4 (11.4) 42.8 (9.9) -2.217 0.030
VF 16.3 (5.4) 17.0 (4.9) -0.600 0.550

Visuospatial abilities 
CP 10.3 (1.4) 10.6 (0.7) -1.1485 0.143
CLOX2 14.5 (1.1) 14.9 (0.3) -1.931 0.060

Data are presented as mean (standard deviation) for continuous variables and number (%) for categorical variables.
*p < 0.05, independent t-test or chi square test. †p < 0.0063, independent t test with Bonferroni correction.
BMI: body mass index, AHI: apnea-hypopnea index, MMSE-KC: mini-mental state examination in the Korean version of the CERAD as-
sessment packet, DSF: digit span forward, DSB: digit span backward, WLR: word list recall, CR: constructional recall, SCW: Stroop color-
word, VF: verbal fluency, CP: constructional praxis, CLOX: executive clock drawing task, OSA: obstructive sleep apnea.
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DISCUSSION

The aim of this study was to assess cognitive function in 
moderate to severe OSA subjects based on AASM rules, and 

improvement of cognitive impairment after short term CPAP 
treatment. In comparison of characteristics, non-treated sub-
jects presented older age and lower levels of education. Poly-
somnographic parameters demonstrated no difference in both 
groups. At baseline, mild to severe OSA patients reported 
higher deficit of attention and working memory than normal 

Table 2. Baseline clinical characteristics and polysomnographic data between non-treated subjects and treated subjects

Non-treated OSA (n = 13) Treated OSA (n = 28) t/χ2 p-value
Age (years) 69.6 (5.5) 65.1 (4.5) 2.787 0.008*
Gender (male) 8 (61.5%) 20 (71.4%) 2 0.818
Education (years) 11.2 (5.5) 14.8 (4.0) -2.419 0.020*
Polysomnographic parameters (pre-treatment)

Total sleep time (min) 375 (54.8) 352 (43.8) 1.384 0.389
Mean global AHI (events/hr) 46.8 (9.5) 51.7 (18.0) -1.127 0.267
Mean desaturation index 39.0 (11.6) 42.1 (21.7) -0.592 0.558
Mean time SpO2 < 90% 9.5 (9.9) 14.9 (19.4) -0.933 0.356
Mean SpO2 94.0 (1.9) 93.2 (2.6) 0.992 0.327
Mean minimum SpO2 74.0 (7.8) 77.8 (6.8) -1.576 0.123
Epworth scale score 10.0 (4.5) 8.9 (6.0) 0.548 0.588
BMI (kg/m2) 24.3 (2.8) 25.8 (3.6) -1.295 0.203
CPAP compliance (%) 77.0 (0.14)
CPAP pressure (cmH2O) 9.75 (2.37)
Follow up duration (days) 169.2 (40.7) 179.4 (111.5) 3.565 0.753

Data are presented as mean (standard deviation) for continuous variables and number (%) for categorical variables.
*p < 0.05, t-test or chi square test.
AHI: apnea-hypopnea index, SpO2: saturation percentage of oxygen, BMI: body mass index, CPAP: continuous positive air pressure, OSA: 
obstructive sleep apnea.

Table 3. Comparison of neuropsychological parameters between treated and non-treated OSA subjects after CPAP treatment

Non-treated OSA (n = 13) Treated OSA (n = 28) p-value
Pre Post Pre Post Time Time × Group Group

MMSE-KC 27.1 (0.84) 27.4 (0.73) 27.0 (0.54) 27.2 (0.47) 0.657 0.860 0.871
Memory

DSF 6.4 (0.43) 6.3 (0.42) 6.6 (0.28) 6.5 (0.28) 0.512 0.825 0.678
DSB 4.6 (0.4) 4.3 (0.38) 4 (0.26) 4.3 (0.25) 0.471 0.196 0.551
WLR 6.7 (0.58) 7.4 (0.57) 5.6 (0.38) 6.4 (0.37) 0.009* 0.677 0.127
CR 7.3 (0.8) 7.9 (0.66) 7.2 (0.52) 7.7 (0.43) 0.073 0.960 0.850

Executive functions
SCW 42.2 (3.34) 37.2 (2.76) 35.5 (2.04) 39.6 (1.69) 0.044* 0.023* 0.502
VF 16.0 (1.54) 17.4 (1.43) 16.5 (1.00) 18.1 (0.93) 0.237 0.850 0.720

Visuospatial abilities
CP 10.3 (0.33) 10.4 (0.33) 10.3 (0.22) 10.3 (0.22) 0.351 0.754 0.993
CLOX 14.5 (0.29) 14.6 (0.58) 14.6 (0.18) 14.3 (0.36) 0.984 0.457 0.944

Data are presented as the age and education adjusted estimated mean (standard error).
*p < 0.05, generalized linear model repeated measure ANOVA.
MMSE-KC: mini-mental state examination in the Korean version of the CERAD assessment packet, DSF: digit span forward, DSB: digit span 
backward, WLR: word list recall, CR: constructional recall, SCW: Stroop color-word, VF: verbal fluency, CP: constructional praxis, CLOX: 
executive clock drawing task, OSA: obstructive sleep apnea, CPAP: continuous positive airway pressure.
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healthy controls. Despite several inconsistent findings on the 
effect of OSA on memory functioning, delayed recall memory 
might be moderately impaired,6 and the domain of attention or 
executive functioning is substantially affected by OSA.24 We 
previously reported decline of delayed recall and executive 
function in 42 OSA patients, as compared to 21 normal healthy 
subjects, indicating that cognition impairments are associated 
with severe OSA in elderly adults.25 However, present samples 
had higher education years and were younger in age.

The cause of cognitive impairment in OSA patients is under 
discussion. Recent studies suggest that the decline of executive 
functions and visuospatial function might be related to severity 
of hypoxemia; whereas, the attention and memory deficit might 
be due to excessive daytime sleepiness resulting from sleep frag-
mentation.26 Although correlation analysis in this study was not 
done among daytime somnolence, measures of nocturnal hy-
poxemia and results of cognitions, frequent sleep fragmentation 
might be more effective on attention functioning in OSA groups 
as comparison of AHI.

After CPAP treatment, alteration of cognition was found in 
delayed recall memory and executive function overtime in each 
subjects. However, considering effect of time and groups, only 
Stroop color word test score was significantly changed in treat-
ed subjects, suggestive of improved executive function . Results 
of several studies are in agreement with improvement of execu-
tive dysfunction on CPAP treatment for OSA patients.16,27 Ce-
rebral cortex and subcortical structures are responsible for cog-
nitive function. Particularly, frontal lobe and hippocampus of 
the brain has a major role in cognition.14 Various different mech-
anisms of cognitive impairment in OSA might be involved in 
sleep fragmentation, brain cell deficits due to hypoxemia, cere-
bral vascular alteration, sleep deprivation and inflammatory 
processes.24 CPAP normalized both sleep disruption and oxy-
gen desaturation in OSA patients. Clinical studies and basic re-
search of the executive domain indicate that sleep fragmenta-
tion might preferentially affect frontal lobe by interference of 
the normal restorative sleep, while neuronal cell changes in the 
prefrontal cortex result from hypoxemia.28 Therefore, our find-
ings of improved executive function with CPAP might corrob-
orate this model.

Unlike majority findings of improved attention function with 
CPAP therapy,24 no alteration in attention functioning was 
found in the present study. The lack of alteration might be due 
to sample characteristics. In this study, OSA subjects had a sig-
nificant decline of attention, as compared to normal control at 
baseline. It is likely that impairment of attention function was 
uncorrectable by CPAP. In addition, early studies suggested that 
memory performance might be reversible with optimal hours 
per days of PAP treatment.29 Within treated subjects in our 
study, CPAP compliance showed 77% with CPAP in ≥ 4 hours 
during total follow up days. As results of multisite study, day-
time sleepiness could improve with as few as 4 hours of CPAP 

use per night.30 Longer daily CPAP might be more effective for 
improvement of cognition. Hippocampal structure for memo-
ry is the susceptible region to hypoxia-ischemia perturbation 
in the elderly.11 On the one hand, compliance might be another 
important factor for duration of CPAP treatment. Effect on 
cognition after 1–7 days of CPAP use, are conflicting.31 But over-
all, a positive association was reported between using CPAP > 
2 week and improvement of cognitive performance.16,18 How-
ever, a long term efficacy study in 1098 participants, indicated 
cognition improvement at 2 months after CPAP treatment, not 
6 month.13 Previous findings showed inconsistency between 
periods of CPAP use and cognition improvement. Although 
our subjects had about 3 months of CPAP treatment, greater 
deviation of use duration was found within treated OSA sub-
jects, which might limit accurate assessment of cognition in re-
sponse to CPAP. Thus, further study is required to evaluate 
CPAP treatment with better compliance with longer duration 
CPAP per night and days of using CPAP.

This study had several limitations. Small number of samples 
was included. Despite no difference in statistical analysis of 
clinical characteristics, relatively small number of non-treated 
subjects participated than treated subjects. To determine the 
effect of CPAP on cognitive improvement in elderly OSA, it is 
necessary to differentiate CPAP treated subject according to 
CPAP compliance such as good CPAP compliance group and 
poor CPAP compliance group, which was beyond the scope of 
our study Additionally, more periodic evaluation of cognitive 
functions was not conducted. Elderly persons experience diffi-
culty in full battery neurocognitive test and prolonged CPAP 
treatments. Nevertheless, we evaluated CPAP effect on im-
provement of cognition with full batteries of cognitive function 
in the Korean elderly individuals. OSA patients had decline of 
attention functioning. CPAP treatment showed improvement 
of executive functioning about 3 months later. Future research 
for better CPAP compliance including duration of CPAP, apply-
ing hours per day and optimal pressure to achieve improved 
cognition might be needed in the OSA patients.
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