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Objective In the present study, it was hypothesized that the sleep electroencephalogram (EEG) characteristics of young (<30 yrs) and
elderly (>55 yrs) OSAS patients would differ.

Methods We analyzed 76 sleep EEG recordings from OSAS patients (young group: n=40, mean age: 24.3+4.9 yrs; elderly group: n=36,
mean age: 59.1+4.9 yrs), which were obtained during nocturnal polysomnography. The recordings were assessed via spectral analysis in
the delta (0.5-4.5 Hz), theta (4.5-8 Hz), alpha (812 Hz), beta (12-32 Hz), slow sigma (11-13 Hz), and fast sigma (13—-17 Hz) frequency
bands.

Results Apnea Hypopnea Index (AHI) and sleep efficiency (%) did not differ significantly between the two groups (19.8£14.4 vs.
25.9116.0, p=0.085; 84.4112.6 vs. 80.9£11.0, p=0.198, respectively). After adjusting for gender, the slow/fast sigma ratio was not signifi-
cantly correlated with AHI in the elderly group (r=-0.047, p=0.790) but AHI was inversely correlated with the slow/fast sigma ratio in
the young group (r=-0.423, p=0.007). A multiple linear regression analysis revealed that a higher AHI was related with a lower slow/fast
sigma ratio in the young group (B=-0.392, p=0.028) but not the elderly.

Conclusion In the present study, sleep EEG activity differed between young and elderly OSAS patients. The slow/fast sigma ratio was
associated with OSAS severity only in young patients, suggesting that young OSAS patients may have a distinctive brain plasticity com-

pared with elderly patients.
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INTRODUCTION

Sleep fragmentation and oxygen desaturation in obstruc-
tive sleep apnea syndrome (OSAS) are known to reduce sleep
quality and induce brain dysfunction."” Sleep spindles, a well-
known microstructure of non-rapid eye movement (NREM)
sleep, are considered to be markers of the thalamo cortical
network® and have been suggested as neurophysiological
markers of sleep homeostasis.* Sleep spindles are associated
with the inhibition of sensory processing and gating of dis-
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turbing intrusive stimuli and thereby maintain NREM sleep
continuity.” Additionally, sleep spindles play an important
role in sleep-related brain functions such as memory consoli-
dation and learning processes.**” and are regarded as sensitive
electrophysiological markers of brain dysfunction in OSAS
patients.®

In previous studies, sleep spindles have been divided into
two categories: fast spindles (=13 Hz) and slow spindles (<13
Hz). Slow and fast spindles undergo differing modulatory
changes in the course of sleep’ and appear to have distinct func-
tional properties.'” Although both types of spindles are in-
volved in learning, fast spindles in particular activate the cerebral
network involved in sleep-dependent memory consolidation.®

Recent findings indicate that changes in sleep spindles may
be associated with various brain dysfunctions such as age-re-
lated changes, psychiatric illnesses, and OSAS. For example,
spindle oscillatory frequency increases with age'' but decreases
in OSAS.*" Similarly, Carvalho et al.” reported the loss of
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physiological deceleration of sleep spindles in patients with
OSAS.

OSAS is a common sleep disorder but tends to be more
prevalent among the elderly population.™* Elderly individuals
are more likely to have decreased sleep quality and may be
more vulnerable to changes in sleep architecture, heart rate
variability,” and cognitive decline due to OSAS.' Therefore, an
investigation of differences in the electroencephalogram (EEG)
characteristics of young and elderly people with OSAS, such
as differences in sleep spindles, may provide important infor-
mation regarding the changes in brain plasticity associated
with aging. To our knowledge, no study has compared sleep
EEG activity between young and elderly patients with OSAS.
Thus, the present study hypothesized that sleep EEG charac-
teristics, especially fast and slow sigma activities as indices of
sleep spindle activation'” would differ between young and el-
derly OSAS patients.

METHODS

The present study reviewed the medical records of 347 pa-
tients aged under 30 years (young group) or over 55 years (el-
derly group) that had been diagnosed with OSAS using noc-
turnal polysomnography (Profusion PSG3, Compumedics) at
the Sleep and Chronobiology Center of Seoul National Uni-
versity Hospital. A standard EEG montage and referential
derivation were used for the nocturnal polysomnography pro-
cedure, which was initially scored by trained sleep technolo-
gists and then by sleep physicians, according to standard cri-
teria.'® Apnea was defined as a complete or near-complete
(290%) cessation of airflow lasting =10s. Hypopnea was de-
fined as a reduction in the respiratory signal (>30%) lasting
=10s that was associated with oxygen desaturation (=4%). The
Apnea Hypopnea Index (AHI) score was calculated as the
average number of apnea and hypopnea events per hour of
sleep and patients with scores higher than 5 were diagnosed
with OSAS. Patients with any other medical illnesses such as
diabetes, hypertension, or neurological disorders were exclud-

ed from the present study, as were patients taking any medi-
cations or undergoing continuous positive airway pressure
treatment. The nocturnal polysomnographic data for current
analyses were from the baseline sleep studies for diagnostic
processes. This study was approved by the Institutional Re-
view Board at the Seoul National University Hospital.

Ultimately, 76 OSAS patients (young group: n=40, mean
age: 24.314.9, 87.5% male; elderly group: n=36, mean age:
59.1+4.9, 77.8% male) were included in the final analyses. A
central EEG channel at C3—A2 was primarily used for the
quantitative EEG (QEEG) analyses; if C3—A2 was unavailable,
or the recording from this location was of poor quality, then
C4-A1 was used. A spectral analysis was performed for each
5-s epoch after removing non-neurogenic EEG artifacts us-
ing the qEEG-PSA program (CIRUS, Australia)."” Spectral
power was obtained in the delta (0.5-4.5 Hz), theta (4.5-8
Hz), alpha (8-12 Hz), beta (12-32 Hz), slow sigma (11-13
Hz), and fast sigma (13-17 Hz) frequency bands and then
averaged over each sleep stage and labeled accordingly (e.g.,
N1, N2, N3, etc.). Because the focus of the present study was
sigma power, the mean spectral power in N2 and N3 for each
band was calculated and used for the final analyses.

Statistical analysis

For between-group comparisons, independent t-tests were
used for continuous variables and Fisher’s exact tests were
used for categorical variables. A partial correlation analysis
controlling for gender was performed to assess the relation-
ship between EEG power and AHI. Analyses were performed
using SPSS 18.0 for Windows. All analyses were two-tailed,
and a p value<0.05 was considered to indicate statistical sig-
nificance.

RESULTS

No significant differences appeared in OSAS severity (AHI)
or sleep efficiency (%) between the young and old groups (p=
0.085 and p=0.198, respectively); Table 1 compares polysom-

Table 1. Comparison of polysomnographic variables between young and elderly OSAS patients

Young group (N=40) Elderly group (N=36) tor X p
Age 24.3+4.9 59.1+4.9 -30.698 <0.001***
Gender (male %)* 35/5 (male: 87.5%) 28/8 (male: 77.8%) 1.263 0.363
Apnea-Hypopnea Index (AHI) 19.8+14.4 25.9%16.0 -1.744 0.085
Sleep efficiency (%) 84.4+12.6 80.1+11.0 1.299 0.198
N1 (%) 17.419.8 23.6+10.7 2.628 0.010*
N2 (%) 47.0+9.7 46.518.2 -0.238 0.813
N3 (%) 14.9149.2 8.516.1 -3.482 0.001**
REM (%) 20.7£5.1 21.4%53 0.537 0.593

Independent t-test. *p<0.05, **p<0.01, ***p<0.001, *chi-squared test. AHI: Apnea-Hypopnea Index, OSAS: obstructive sleep apnea syndrome
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nographic variables between the two groups.

The young group exhibited significantly higher delta band
activity (%) than the elderly group (p<0.001) but the elderly
group exhibited more activity (%) in the theta, alpha, and
slow and fast sigma bands (p=0.002, p<0.001, p<0.001, and p=
0.014, respectively). No significant differences appeared be-
tween the groups in terms of the slow/fast sigma ratio (p=
0.648) (Table 2).

A partial correlation analysis adjusted for gender revealed
that sleep efficiency was inversely correlated with AHI in the
young group (p=0.018). Activities in the delta, theta, alpha,
beta, and slow and fast sigma bands were not significantly cor-
related with AHI in the young group (p=0.206, p=0.263, p=
0.399, p=0.337, p=0.766, and p=0.178, respectively). The ratio
of slow to fast sigma activity in the young group was inverse-
ly correlated with AHI (p=0.007) (Table 3).

In the partial correlation analysis adjusted for gender, sleep
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efficiency was not significantly correlated with AHI in the el-
derly group (p=0.552). Activities in the delta, theta, alpha,
beta, and slow and fast sigma bands were not significantly cor-
related with AHI in the elderly group (p=0.876, p=0.723, p=
0.933, p=0.987, p=0.698, and p=0.810, respectively). Addition-
ally, the ratio of slow to fast sigma activity was not significantly
correlated with AHI in the elderly group (p=0.790) (Table 3).

In the multiple regression models adjusted for age, gender,
and sleep efficiency, a higher AHI score was related with a
lower slow/fast sigma ratio for the total subjects and the young
group (p=0.033 and p=0.028, respectively) but not the elderly
group (p=0.841) (Table 4).

DISCUSSION

The present study demonstrated differences in sleep EEG
activity between young and elderly patients with OSAS. In

Table 2. Comparison of EEG spectral activities between young and elderly OSAS patients

Young group (N=40) Elderly group (N=36) t p
Delta activity (%) 88.6+5.5 82.9£5.0 4.667 <0.001***
Theta activity (%) 5.9+3.8 8.3+2.6 -3.165 0.002**
Alpha activity (%) 2.7%1.3 5.0%1.7 -6.610 <0.001***
Beta activity (%) 2.9+1.8 3.9+25 -1.983 0.051
Slow sigma activity (%) 1.1+0.6 1.6+0.4 -3.775 <0.001***
Fast sigma activity (%) 1.2+0.8 1.7+0.6 -2.522 0.014*
Slow/fast sigma ratio 1.0+0.3 1.0+0.2 -0.458 0.648

Independent t-test. *p<0.05, **p<0.01, ***p<0.001. EEG: electroencephalogram, OSAS: obstructive sleep apnea syndrome

Table 3. Correlations of AHI with sleep efficiency and EEG activities in young and elderly OSAS patients

AHI in total group (N=76)

AHI in young group (N=40) AHTI in elderly group (N=36)

Sleep efficiency (%) r -0.273
p 0.018*
Delta activity (%) r -0.220
p 0.058
Theta activity (%) r 0.207
p 0.075
Alpha activity (%) r 0.180
p 0.121
Beta activity (%) r 0.108
p 0.358
Slow sigma activity (%) r 0.091
p 0437
Fast sigma activity (%) r 0.199
P 0.087
Slow/fast sigma ratio r -0.257
p 0.026*

-0.378 -0.104
0.018* 0.552
-0.207 -0.027
0.206 0.876
0.184 0.062
0.263 0.723
0.139 -0.015
0.399 0.933
0.158 -0.003
0.337 0.987
-0.049 0.068
0.766 0.698
0.220 0.042
0.178 0.810
-0.423 -0.047
0.007** 0.790

Partial correlation analysis was performed after adjusting for gender. *p<0.05, **p<0.01. AHI: Apnea-Hypopnea Index, OSAS: obstructive

sleep apnea syndrome, EEG: electroencephalogram
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Table 4. Multiple linear regression analysis predicting slow/fast
sigma ratios in young and elderly OSAS

Independent Total Young group  Elderly group
variables (N=76) (N=40) (N=36)

Age

B 0.124 -0.089 0.271

p 0.298 0.571 0.155
Gender

B -0.008 -0.062 0.137

p 0.947 0.694 0.471
Sleep efficiency

B 0.091 0.085 0.113

P 0.444 0.615 0.550
AHI

B -0.272 -0.392 -0.038

p 0.033* 0.028* 0.841

Dependent variable: slow/fast sigma ratio, Independent variables:
age, gender, sleep efficiency; and AHI. *p<0.05. AHI: Apnea-Hypop-
nea Index, OSAS: obstructive sleep apnea syndrome

particular, a significant association was observed between
OSAS severity and the slow/fast sigma ratio, but only in the
young group.

As expected, more delta activity was observed in the EEG
recordings of the young OSAS patients compared with the el-
derly patients, whereas the elderly OSAS group exhibited more
theta and alpha activities. These results are consistent with
previous findings showing decreased slow waves and in-
creased light sleep in elderly individuals.” In the present study,
more sigma activity was observed in the elderly patients com-
pared with the young patients according to measurements of
relative EEG power. The increased sigma activity in elderly
patients may be related to a relative decrease in delta activity.

Sleep efficiency was inversely related to OSAS severity in the
young group, which is partially consistent with the findings
of a previous report that investigated low sleep efficiency in
severe OSAS using nocturnal polysomnography.”' Respirato-
ry events during sleep can induce sleep fragmentation due to
the respiratory efforts that are associated with upper airway
obstruction in OSAS patients, which decline with age.” The
absence of a correlation in the elderly group in the present
study may indicate decreased respiratory effort, perhaps due
to disruptions of neuromuscular compensation to hypoxemia
caused by respiratory cessation in elderly patients.

Additionally, the slow/fast sigma ratio was related with
OSAS severity in the young group. Sleep spindles are thought
to be related to synaptic changes and long-term potentiation.’
Slow spindles (<13 Hz) predominate in frontal cortical areas,
originate from the medial frontal region, and are associated
with an increased activation in the superior frontal gyrus. In
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contrast, fast spindles (=13 Hz) are dominant over the central
and parietal areas, originate from the precuneus areas, and
are associated with the activation of the hippocampus, medial
frontal cortex, and brain areas involved in sensory—motor
processing.” Although some studies have demonstrated an
association between slow spindles and cognitive performance,
other studies have stressed the role of fast spindles in the con-
solidation of visuomotor* and motor sequence learning pro-
cesses.® In terms of cognitive decline due to OSAS, the associa-
tion of AHI with the slow/fast sigma ratio in young patients in
the present study may suggest that there can be an activation
of compensatory mechanisms based in brain plasticity. Thus,
the decreased synaptic plasticity in the elderly patients due to
the aging process may be reflected by the absence of an asso-
ciation between sigma activity and OSAS severity. Decreased
brain compensation in the elderly patients may result in age-
related alterations of the thalamo—cortical regulatory mecha-
nisms that are associated with sleep spindle production."

It is also possible that the impaired synaptic plasticity in el-
derly patients in the present study may have been caused by
their relatively longer duration of OSAS compared to young
patients. OSAS may induce cerebral abnormalities, such as vas-
cular dysfunctions, that can affect brain plasticity.* Due to the
limitations inherent in the retrospective design of the present
study, the duration of OSAS was not controlled for. However,
the duration of OSAS would not significantly influence the
present results because all of the data analyzed in this study
were baseline assessments intended for diagnosis. However,
the effects of disease duration on neural plasticity should be a
topic of interest in follow-up studies.

Ayalon et al.” noted that middle-aged patients with OSAS
exhibit reduced performance in attention tasks compared
with younger patients, suggesting that the concomitant pres-
ence of sleep apnea and increasing age overwhelms the
brain’s capacity to respond to cognitive tasks with compensa-
tory recruitment. Therefore, the present results support the
notion that elderly individuals may be more vulnerable to
neurocognitive changes due to OSAS because of their reduced
compensatory capacity that may be partially reflected by the
absence of a significant correlation between OSAS severity
and sigma activity. Additionally, the present results partially
support the theory that sleep spindles may be a neurophysio-
logical marker of brain synaptic plasticity in OSAS patients.

The present study has several limitations. First, a relatively
small number of patients were assessed. Second, it used a sig-
ma band that was broader than the range of classical sleep
spindles; however, an accurate definition of the fast/slow spin-
dle (sigma) band has yet to be well defined. Third, it did not
include a control group for the purpose of comparison.

Despite these limitations, the present study had several



strengths. None of the participants had any medical or psychi-
atric illnesses, were taking medications, or were undergoing
continuous positive airway pressure treatment, which mini-
mized the influence of confounding factors on sleep EEG ac-
tivity.

In conclusion, the characteristics of sleep EEG activity in
young and elderly OSAS patients differ; in particular, the
slow/fast sigma ratio was associated with OSAS severity only
in young patients. The present findings suggest that brain plas-
ticity in young OSAS patients may differ from the plasticity
in elderly patients and that this difference may be associated
with cognitive decline or increased sleep fragmentation in
the elderly group due to OSAS.
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