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Abstract 

 

Introduction: In the elderly, women have better qualities of 

sleep than men; however, women subjectively complain more 

about sleep disturbances than men. We performed visual 

scoring and spectral analysis of sleep electroencephalograms 

(EEGs) to explain these gender differences.  

Methods: A total of 354 participants (≥ 60 years old) were 

recruited from a Korean community underwent nocturnal 

polysomnography (NPSG). Participants were excluded if they 

showed periodic limb movement during sleep, sleep apnea 

syndrome, or lack of any sleep stages. A Fast Fourier 

transform was used for the spectral analysis of the NPSG data. 

Relative power was calculated as absolute power of each band 

divided by total absolute power. Difference in total sleep 

time(D_TST) is obtained by subtracting the total sleep time 

(TST) reported in PSQI from the TST measured by the NPSG. 

Results: A total of 75 subjects (women, 51) were finally 

analyzed. Women had higher Pittsburgh Sleep Quality Index 
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(PSQI), longer sleep latencies, sleep inefficiencies and daytime 

dysfunctions compared to men. The percent stage 1 sleep was 

higher in men versus in women, whereas percent stage 3 sleep 

was higher in women than in men (P=0.001; P=0.001). Women 

had higher relative alpha and beta powers than men during 

NREM sleep(P=0.017; P=0.015). Relative alpha activity was 

higher in women than in men during stage 2 sleep (P=0.013). 

During NREM sleep, beta power was negatively correlated with 

D_TST after controlling age and GDS (R=-0.250, P=0.033). 

Relative alpha power in stage 3 sleep was positively correlated 

with sleep latency in PSQI (R=0.267, P=0.022). 

Conclusions: Using the visual scoring of the sleep EEG, women 

had more stable sleep than men; however, spectral analysis 

showed that women had more disturbed sleep than men. The 

result from the spectral analysis may explain subjective sleep 

complaints in elderly women. 

------------------------------------- 

Keywords:  Elderly, Gender, Sleep EEG, Spectral analysis 

Student number: 2015-22264
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Introduction 

Age and gender significantly affect sleep. Several typical sleep 

changes happen as part of the aging process. These changes 

include decreased total nocturnal sleep time, an advanced 

circadian phase, reduced slow-wave sleep, fragmented sleep 

with multiple arousals, and daytime napping. (Wolkove et al., 

2007) Increased non-rapid eye movement (NREM) sleep stage 

1 and a decreased amount of slow wave sleep (SWS) could be 

representative of changes in the elderly compared to young and 

middle-aged adults. (Carrier et al., 2001, Hume et al., 1998, 

Luca et al., 2015, Redline et al., 2004) Meanwhile, there have 

been several reports related to gender difference of sleep in 

later life that women subjectively tend to be less satisfied with 

their sleep than men, and the prevalence of insomnia is higher 

in women (Relative risk=1.4) than in men. (Zhang and Wing, 

2006) According to a Norwegian study, the prevalence of 

insomnia in the 70-74 age group was 25% in women and 14% 

in men. (Sivertsen et al., 2009)  However, objectively, women 

showed better sleep quality than men in previous studies using 
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polysomnography (PSG) or actigraph in terms of a higher 

percentage of SWS and sleep efficiency, and a longer total 

sleep time (TST). (Hume et al., 1998, Redline et al., 2004, Van 

den Berg et al., 2009)  

A quantitative EEG has been used in the elderly to explain the 

gender difference in the degree of arousal, the most 

representative marker in the pathophysiology of insomnia. 

There have been studies which used power analysis to 

investigate gender differences of sleep EEG, but those studies 

are limited in explaining the gender difference of sleep in the 

elderly. In the Carrier study, comparing the difference between 

men and women using absolute power, women showed higher 

power at low alpha frequency than men. However, the 

participants were limited to the middle years of life between the 

ages of 20 and 60. (Carrier et al., 2001) Luca and colleagues 

showed changes of sleep structure depending on age and 

gender in healthy subjects aged 40 to 80 years. In comparison 

of log transformed absolute and relative power, women showed 

higher power at alpha frequencies than men. But they did not 
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focus on gender differences in elderly people. (Luca et al., 

2015)  

The purpose of this study was to investigate differences of 

sleep patterns between elderly women and men in a relatively 

large sample. We compare the power at alpha and beta 

frequencies, which are known to reflect arousal, and explore 

the clinical significance of these powers. Our hypothesis is that 

the log transformed relative power in older women is higher in 

alpha and beta frequencies than in men and this result explains 

the subjective sleep complaint of elderly women.  
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MATERIALS AND METHODS 

1. Participants  

This study was part of the Korean Longitudinal Study on 

Cognitive Aging and Dementia (KLOSCAD), a population-based 

prospective cohort study of cognitive function with aging and 

dementia in the Korean elderly population (aged ≥ 60 years). 

The study was conducted from January 2010 to February 2011 

on older adults living in the Jukjeon-dong, a district of Yongin 

City, Korea. Among the 6,959 residents of Jukjeon-dong (aged 

≥ 60 years), 10% (n = 696) were randomly selected based on 

the residential roster. Subjects who had untreated serious 

physical illnesses, dementia, or mental illnesses were excluded 

from the study. Of the 354 participants who performed 

nocturnal polysomnography, 14 subjects were excluded from 

the analysis; 6 subjects had insufficient total sleep times < 180 

min and 8 subjects had missing data in their questionnaires. 

Figure 1 shows a flow chart summary of the studied 

participants. Among 340 older adults, those with a body mass 

index (BMI) ≥27 (kg/m2) were excluded (N=38). We then 
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excluded subjects whose polysomnography recordings (PSGs) 

might not be suitable for spectral analysis: 1) Subjects who had 

periodic limb movements during sleep index (PLMS Ix) ≥ 25 

(N=57), or apnea-hypopnea index (AHI) ≥ 15 (N=99). 2) 

Subjects with either artifacts or data that could not be analyzed 

(N=33). Severe eye movements, upper and lower limb 

movements, waking EEG, and detached electrodes were 

regarded as events with artifacts or unanalyzable data. 3) 

Subjects with absence of any sleep stage among stage 1 (S1), 

stage 2 (S2), stage 3 (S3) and REM sleep (N=39) 4) Subjects 

who were taking benzodiazepines (N=12). After exclusion of 

these subjects, 24 men and 51 women were finally analyzed in 

this study.  

The study protocol was approved by the Institutional Review 

Board of Seoul National University Bundang hospital and 

written informed consent was obtained from all participants.  

 

2. Polysomnography  
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We used an Embla N7000 (Embla, Reykjavik, Iceland) for 

nocturnal polysomnography (NPSG). A sleep technologist was 

in attendance for the NPSG study. EEG 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 (EMG) electrodes were applied at the 

submentalis and both anterior tibialis muscles. Strain gauges 

recorded chest and abdominal respiratory movements, and 

nasal pressure cannulas were used to record airflow. Arterial 

oxygen saturation was measured using a pulse oximeter applied 

to an index finger. Using the American Academy of Sleep 

Medicine (AASM) Manual in 2007, we scored every 30 s epoch 

of NPSG. Apnea was defined as the complete cessation of 

airflow for at least 10s, and hypopnea was defined as a 

substantial reduction in airflow ( > 50%) for at least 10s or a 

moderate reduction in airflow for at least 10s associated with 

EEG arousal or oxygen desaturation ( ≥ 4%). (Flemons et al., 
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1999) AHI was defined as the total number of apneas and 

hypopneas per hour of sleep. 

 

3. Spectral analysis 

EEG data were acquired as a time series at C3, C4, O1, and O2 

electrodes with a sampling rate of 500Hz/channel. Among them, 

the results of analysis on C3 were used. We chose the central 

area because it is the place we can observe waves of various 

frequencies by comparatively equal amounts. Each record was 

visually inspected to remove artifacts such as movement, 

arousals, and respiratory events. The whole-time series for 

subjects were divided into 30-second epochs with 15,000 

points, and each epoch was classified according to the stages of 

sleep (REM, stages 1, 2, and 3).  

Spectral analysis was performed for each epoch. On average, 

we analyzed 41.0±36.9 epochs in stage 1 sleep, 238.0±109.2 

epochs in stage 2 sleep, 52.6±45.3 epochs in stage 3 sleep, 

80.1±46.4 epochs in REM sleep. The power was calculated for 

delta (0.5-4 Hz), theta (4.0-8.0 Hz), alpha (8.0-12.0 Hz), low 
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beta (12.0-14.0), and beta (14.0-25.0 Hz) oscillations. The 

EEG machine was set with a high frequency filter of 35Hz, a 

low frequency filter of 0.3Hz, and a 60Hz filter. No digital filter 

was applied at the step of the power calculation. Absolute 

power of each band was calculated as the summation of values 

at stage 1, stage 2, stage 3 sleep, and rapid eye movement 

(REM) sleep. Relative power was calculated as absolute power 

of each band divided by total absolute power. We conducted log 

transformation for normal distribution.  

 

4. Assessments of sleep complaints and mood 

 Participants completed the Pittsburgh Sleep Quality Index 

(PSQI) to evaluate subjective sleep quality. PSQI could assess 

subjective sleep quality, sleep latency, sleep duration, sleep 

efficiency, sleep disturbance, use of sleeping medication and 

daytime dysfunction. PSQI consists of 19 questions, and a total 

index over 5 is regarded as subjective sleep complaints. 

(Buysse et al., 1989, Buysse et al., 1991, Sohn et al., 2012) To 

determine the degree of subjective sleep discomfort, sleep 
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latency and total sleep time measured in the polysomnography 

were subtracted from ones reported by the subjects; difference 

in sleep latency (D_SL), and difference in total sleep time 

(D_TST). (Perlis et al., 2001)  

Depressive symptom was measured with Korean version of 

Geriatric Depression Scale (GDS). (Cho et al., 1999)  This 

scale, consisting of 30 questionnaires, can assess not only 

physically healthy older adults but cognitive impaired older 

adults. Each question was intended to answer ‘Yes’ or 

‘No’, and the cutoff value for depression was 10.   

 

5. Statistical analysis 

SPSS Statistics 24.0 for Windows (SPSS, Chicago, Illinois, USA) 

was used to analyze the data. We verified normality with 

Kolmogorov-Smirnov method. Independent t-test or Mann-

Whitney test was used for comparing continuous variables 

between men and women according to normality.  

Gender differences in the spectral analysis were evaluated with 

the use of analysis of covariance (ANCOVA)controlling GDS. 
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Data were presented as the mean and standard deviation. We 

used chi-square test to compare dichotomous variables 

between men and women. Pearson correlation analysis was 

conducted to examine the relationship between age, GDS, PSQI, 

SL, TST, D_SL, D_TST and relative signal activities. Then 

partial correlation analysis was done with controlling age and 

GDS. The significance level was p < 0.05.  
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RESULTS 

1. Demographics and polysomnography findings of 

recruited participants  

Table 1 shows demographic characteristics and 

polysomnography results of 340 participants (men, 133; women, 

207). The average age was 68.2±5.5 years and the education 

status was higher in men than in women (14.6±3.5 vs 

11.0±4.4 years, P<0.001). Women had higher scores in GDS 

and PSQI than men (P=0.004; P<0.001). The AHI was higher in 

men, and percent S1 sleep was higher in men than in women 

(P<0.001; P<0.001). Percent S2 sleep and Percent S3 sleep 

were higher in women than in men (P=0.006; P<0.001). Gender, 

GDS, and PSQI were not statistically different between 265 

subjects excluded from and 75 subjects included in the final 

analysis. The average age of 75 subjects was slightly younger 

than that of 265 (67.0 vs 68.6 years, P=0.033).  

 

2. Gender differences in subjective sleep  
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Table 2 presents demographics of 75 eligible participants (24 

men and 51women). There was no difference in age and BMI 

between genders, but the educational status was significantly 

higher in men than in women (14.5±3.1vs 11.8±4.2 years, P= 

0.004). A higher PSQI score was recorded for women than men 

(8.0±3.8 vs 5.1 ±3.0, P< 0.001). Women showed higher 

percentages of abnormal PSQI and longer sleep latencies than 

men (86.3 vs 54.2%, P=0.003; 36.9±34.8 vs 20.4±15.7 minutes, 

P=0.018). Sleep inefficiencies and daytime dysfunctions were 

presented as Likert scale. These variables were higher in 

women than in men (0.9±1.1 vs 0.4±0.9, P=0.046; 0.6±0.7 vs 

0.2±0.4, P=0.003). Subjective total sleep time was shorter in 

women than in men (355.3±71.8 vs 392.5±58.0 minutes, 

P=0.029).  

 

3. Gender differences in visual scoring of polysomnography 

Table 2 shows the result for sleep variables in the visual 

scoring of polysomnography (PSG). The duration of stage 1 

sleep was longer in men than in women, and the duration of 
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Stage 3 sleep was longer in women than in men (Stage 1 sleep: 

10.5±4.9 vs 14.4±4.4 %, P= 0.001; Stage 3 sleep 10.3±5.2 

vs 5.7±4.6 %, P= 0.001). Women showed larger D_SL and 

D_TST compared to men (20.0±40.2 vs 6.1±22.4 min, 

P=0.043 ; -28.8±85.3 vs 16.0±93.1 min, P=0.043). The total 

sleep time, which was subjectively reported by women, was 

28.8 minutes shorter than the objective total sleep time, but 

16.0 minutes longer than reported in men. There were no 

significant differences in other sleep variables; apnea-

hypopnea index (AHI), wake after sleep onset (WASO), total 

sleep time (TST), sleep latency (SL), sleep efficiency, duration 

of stage 2 sleep and REM sleep. 

 

4. Gender differences in spectral analysis of 

polysomnography 

We performed spectral analysis on the central electrode (C3). 

Log transformed signal activities of various frequencies were 

presented in Table 3. During NREM sleep, absolute powers of 

the alpha, and beta activities were higher in women than in men 
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(P<0.001; P=0.001). Women showed higher relative activities 

in the alpha, and beta band compared to men during NREM 

sleep after controlling GDS(P=0.015; P=0.017) (Table 3, 

Figure 2).  

In table 4, the log transformed relative alpha and beta activities 

were compared between men and women during each sleep 

stage after controlling GDS. There was difference in the 

relative powers of alpha frequency in stage 2 sleep (P=0.013). 

 

5. Correlation between subjective and objective sleep 

assessments  

Table 5 showed a correlation analysis of PSGI, D_SL, D_TST 

and relative signal activities. After controlling age and GDS,  

Relative beta power densities during NREM sleep and stage 3 

sleep were negatively correlated with D_TST (R=-0.255, 

P=0.030; R=-0.250, P=0.033) (figure 2). Relative alpha 

power density in stage 3 sleep was positively correlated with 

SL (R=0.267, P=0.022).  
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DISCUSSION 

This study evaluated gender differences in the sleep EEGs of 

elderly participants without severe medical or neuropsychiatric 

diseases. GDS and PSQI scores were statistically higher in 

women than in men among the 340 study participants. The 

difference in the PSQI score was maintained after exclusion of 

ineligible subjects. Women had more sleep disturbance than 

men, whereas women showed a higher percentage of S3 and a 

lower percentage of S1 than men in the visual scoring of the 

PSG data. However, women had higher activities in the relative 

alpha and beta range which could explain subjective sleep 

complaints by women. During NREM sleep, beta power was 

correlated with difference in TST between subjective total 

sleep time and objectively measured total sleep time. Several 

studies have shown that high frequency activity increases 

during sleep in chronic insomnia subjects. (Buysse et al., 2008, 

Krystal et al., 2002, Merica et al., 1998, Perlis et al., 2001, 

Spiegelhalder et al., 2012) This study is meaningful because 
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the research on healthy elderly men and women has not been 

established yet. 

Women have more sleep complaint than men. Meanwhile, we 

found that women had significantly longer slow wave sleep and 

shorter stage 1 sleep than men, and this is consistent with 

previous studies on older adults. (Redline et al., 2004, Reynolds 

III et al., 1991) Considering that slow wave sleep means deep 

sleep, the result of longer slow wave sleep in women than in 

men is somewhat contrary to their subjective sleep disturbance. 

In addition, the subjective-objective difference of sleep latency 

and total sleep time can be interpreted as meaning that there 

are more cases of sleep state misperception in women than in 

men. 

Scoring of sleep electroencephalogram (EEG) via conventional 

visual analysis gives us very limited information confined to the 

sleep staging. Therefore, other substitute methods are required 

to quantify EEG more accurately than the visual analysis. 

(Achermann, 2009) The first Fourier analysis was proposed by 

Hans Berger in 1932. Any difference was not observed in the 
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durations of REM sleep and SWS sleep among young adults 

when using sleep EEG and visual analysis; however, differences 

were found between men and women in power densities when 

performing spectral analysis. (Dijk et al., 1989) While some 

existing studies used absolute EEG power from spectral 

analysis, others typically used several modifications due to 

inter-individual variations. (Mendelson and Bergmann, 1999) 

These methods include dividing for total power across a range 

of EEG frequencies (relative power), and dividing the NREM 

value by the power density in REM sleep during a specific block. 

Some researchers have argued that analyses with absolute and 

relative power result in equal findings. (Buysse et al., 2008, 

Krystal et al., 2002) In the present study, relative power was 

used because the women had anatomical differences with men, 

such as the thinner skull thickness and the absolute powers are 

likely to be higher than male. (Armitage, 1995, Dijk et al., 1989) 

In this study, a survey of subjective sleeping with PSQI showed 

that elderly women took longer time to sleep initiation, shorter 

total sleep time, lower sleep efficiency, and greater degree of 
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daytime dysfunction than did men. As the difference of PSQI 

between men and women remained after controlling GDS, the 

effect of depression on sleep disturbances can be excluded. 

Although anxiety and depression are more prevalent in women, 

previous studies could not find a correlation between these 

psychiatric disorders and sleep complaints. Many women with 

insomnia do not have these psychiatric disorders. (Ford and 

Kamerow, 1989, Lindberg et al., 1997) 

In the present study, women showed higher relative alpha, and 

beta power compared to men. Of the existing studies dealing 

with gender differences, it is difficult to find any previous 

studies showing that relative beta activity is higher in women. 

Luca et al reported that the relative beta power was lower in 

women than in men in a study of participants aged 40 to 80 

years. (Luca et al., 2015) Buysse and colleagues presented that 

the absolute beta power of women’s primary insomnia patients 

was higher than that of good sleeper control.(Buysse et al., 

2008)Several researchers insisted that increased beta activity 

could be indicator of cortical hyperarousal state during sleep. 
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(Carrier et al., 2001, Krystal et al., 2002, Spiegelhalder et al., 

2012) Previous studies have focused on the increased fast EEG 

frequency is increased in insomnia patients and this can affect 

the overall NREM and REM sleep.(Merica et al., 1998, 

Nofzinger et al., 1999, Perlis et al., 2001) In a study of sleep 

onset insomnia patients, absolute beta power was increased, 

especially in stage 1 sleep. (Freedman, 1986) Maggie and 

colleagues have described women's ruminative thoughts, 

worries, and anxiety as playing a role in making people awake 

during sleep. (Maggi et al., 1998) Increased beta power was 

found in central EEG sites, and based on this finding, it was 

suggested that the central area was related to sensory 

processing. (Perlis et al., 2001) A large amount of high 

frequency activity means that information and memory 

processing are relatively active, which makes it difficult to 

distinguish between sleep and wakefulness states, resulting in 

subjectively overestimating the sleep latency and 

underestimating the total sleep time. (Merica et al., 1998, Perlis 

et al., 1997) Perlis and colleagues found that the relative beta 
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power value during sleep had a correlation with the tendency to 

underestimate the total sleep time in patients with primary and 

secondary insomnia compared to good sleep control. (Perlis et 

al., 2001) We also observed that the difference between the 

TST reported by the subjects and measured by PSG was 

negatively correlated with the relative beta activity during 

NREM sleep, especially stage 3 sleep.  

The higher alpha activity in women than in men of this study is 

consistent with studies about gender difference using relative 

or absolute power. (Carrier et al., 2001, Latta et al., 2005, Luca 

et al., 2015)Krystal and colleagues compared patients with 

objective and subjective states of insomnia to normal subjects 

(aged 40-80 years), and they reported that relative alpha EEG 

activity were statistically higher only in patients with subjective 

insomnia in NREM sleep. (Krystal et al., 2002) Their findings 

might give us a clue to explain the more subjective sleep 

complaints of women than of men in terms of high relative alpha 

in women observed in this study. The alpha activity during 

sleep is considered reflecting a state of arousal or about to 
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occur of arousal.(McKinney et al., 2011) In the transition from 

a relaxed waking state to a sleep state, the alpha wave 

disappears and then reappears in slow wave sleep, called 

alpha-delta sleep. (Riedner et al., 2016) Alpha intrusion during 

sleep or 'alpha-delta sleep' is markedly increased especially in 

populations with nonrestorative sleep, and contributes to 

underestimate total sleep time and overestimate sleep latency. 

(Martinez et al., 2010, Pivik and Harman, 1995) This study also 

found that higher alpha power in SWS correlated with 

subjective sleep latency. Considering the longest duration of 

stage 2 sleep in total sleep, higher alpha powers in women than 

in men especially in stage 2 sleep is likely to significantly 

contribute to women’s whole night sleep. A higher arousal state, 

nonrestorative sleep, and sleep misperception can be connected 

to sleep complaints in women. 

It is established that sleep is not involved with all parts of brain, 

but a local phenomenon. (Huber et al., 2004, Murphy et al., 

2011, Sarasso et al., 2012) On the basis of this concept, a 

relatively fewer number of neurons are asleep in insomnia 
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patients, (Merica et al., 1998) or a certain brain area is not at 

sleeping state. (Buysse et al., 2012) The topographic 

distribution is not yet established, however, a study with high 

density EEG studies suggested that alpha activity of insomnia 

patients increased in sensory and sensorimotor cortical areas 

during stage 3 sleep.(Riedner et al., 2016) In the future, 

measuring the activity of each part of the brain of women could 

be useful to determine the pathophysiology of sleeping 

discomfort. 

This study is subject to several limitations. The first is that it is 

difficult to determine whether the high frequency that reflects 

hyperarousal is the cause of sleep complaint or not, because 

this study is a cross sectional study. The second is that the 

research was conducted only with a C3 lead. When studying a 

different frequency as a target, it is possible to conduct 

research on other leads in the future. In the third instance, 

since we excluded participants with AHI≥15 or high BMI, more 

women remained in the study than men. In the fourth, PSG was 

conducted only for one night at the PSG laboratory. We did not 
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exclude the possibility of a first-night effect or reversed first 

night effect when the subjects slept in a new environment. 

(Berry and Wagner, 2014) The fifth is that we did not take into 

account all of the effects of drugs that affect sleep. Because the 

subjects are elderly people, it is not possible to exclude all 

those who take several medicines from the subjects. We tried 

to minimize the effect of drugs on sleep EEG by excluding those 

who take benzodiazepine and zolpidem. At last, we investigated 

only the average value for whole-night sleep. We did not 

observe a time course of NREM and REM sleep changes.  

In conclusion, elderly women showed more subjective sleep 

complaints than elderly men, which can be explained by the 

spectral analysis. Increased relative alpha and beta activities in 

women compared to men could explain hyperarousal, the main 

concept of subjective sleep complaints which were incongruent 

with visual scoring of the sleep EEG.  
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Figure 1. Flow chart summary of the participants 
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Table 1. Demographics and polysomnographic findings of 

participants 

 

 Total 

(N=340) 

Men 

(N=133) 

Women 

(N=207) 

p  

Age, yr 68.2±5.5 68.8±5.8 67.9±5.3 0.119 

Education, yr 12.4±4.5 14.6±3.5 11.0±4.4 <0.001 

BMI , kg/m
2
  23.8±2.7 23.7±2.7 23.8±2.7 0.823 

GDS score 10.2±6.2 9.0±6.4 10.9±6.0 0.004 

PSQI score 6.5±3.7 5.5±3.1 7.1±3.8 <0.001 

AHI, n/h 15.1±14.7 20.8±17.0 11.5±11.7 <0.001 

WASO, min 95.5±62.2 100.2±63.1 92.5±61.6 0.262 

TST, min 375.9±66.7 371.0±67.1 379.0±66.5 0.282 

Sleep latency, min 18.6±28.0 15.6±22.9 20.6±30.7 0.090 

Sleep efficiency, % 77.1±13.4 76.4±13.4 77.5±13.4 0.462 

Stage 1, % 13.8±7.3 17.7±8.1 11.2±5.3 <0.001 

Stage 2, % 46.2±11.6 44.1±11.3 47.6±11.6 0.006 

Stage 3, % 6.6±5.6 3.9±4.2 8.4±5.7 <0.001 

REM, % 15.1±5.9 14.7±6.0 15.3±5.8 0.400 

Data are presented as mean ± SD 

PSG, polysomnography; BMI, body mass index; GDS, geriatric 

depression scale; PSQI, Pittsburgh sleep quality index; AHI, apnea-

hypopnea index; WASO, wake after sleep onset, min; TST, total sleep 

time; SWS, slow wave sleep; REM, rapid eye movement sleep 
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Table 2. Demographics and polysomnographic findings of 

eligible participants 

 Men(N=24) Women (N=51)  P 

Age, yr  66.6±5.3  67.3±4.9  0.593  

Education, yr  14.5±3.1  11.8 ±4.2  0.004  

Body mass index, kg/m
2 

 22.7±1.8  22.9±2.1  0.746  

GDS score  7.5±6.7  10.5±5.8  0.014  

PSQI Total score  5.1±3.0  8.0±3.8  <0.001  

PSQI subcomponents    

Sleep latency, min
 
  20.4±15.7 36.9±34.8 0.018 

Total sleep time, min 
 
 392.5±58.0 355.3±71.8 0.029 

Sleep Inefficiency
 a
 0.4±0.9 0.9±1.1 0.046 

Daytime dysfunction 
a
 0.2±0.4 0.6±0.7 0.003 

Abnormal PSQI  54.2% (n = 13) 86.3% (n = 44) 0.003 

AHI, n/h 6.5±3.6 5.5±4.4 0.214 

Wake after sleep onset, min  99.0±59.3 91.2±59.2 0.532 

Total sleep time, min  376.5±57.0 384.1±58.4 0.597 

Sleep latency, min
 
  14.3±17.0 16.9±22.8 0.670 

Sleep efficiency, %
 
 77.0±11.6 78.4±12.7 0.457 

Stage 1, %  14.4±4.4 10.5±4.9 0.001 

Stage 2, %  46.5±9.9 46.9±9.8 0.872 

Stage 3, %  5.7±4.6 10.3±5.2 0.001 

REM, %  14.0±6.1 15.8±6.4 0.251 

D_SL, min 6.1±22.4 20.0±40.2 0.043 

D_TST, min 16.0±93.1 -28.8±85.3 0.043 

Data are presented as mean ± SD; a Likert scale (0~3) 

GDS, geriatric depression scale; PSQI, Pittsburgh sleep quality index; 

AHI, apnea-hypopnea index; SWS, slow wave sleep; REM, rapid eye 

movement sleep; SL, sleep latency; TST, total sleep time; D_SL, SL in 

PSQI – SL in polysomnography; D_TST; TST in PSQI – TST in 

polysomnography 
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Table 3. Impact of Gender on log transformed absolute and 

relative EEG Activities of C3 lead during NREM sleep  

 Total 

(N=75)  

Men 

(N=24)  

Women 

(N=51)  
P  

Absolute Activities    

Alpha, ㎶
2
  1.44±0.22 1.25±0.19 1.53±0.17 <0.001 

Beta, ㎶
2
 0.766±0.22 0.653±0.19 0.819±0.21 0.001 

Relative Activities    

Alpha (%)
*
 0.614±0.16 0.551±0.18 0.643±0.14 0.017 

Beta (%)
*
 -0.06±0.27 -0.167±0.27 -0.010±0.26 0.015 

Data are presented as mean ± SD 

NREM, non-rapid eye movement sleep; REM, rapid eye 

movement sleep  
*Relative power; Relative power was calculated as absolute 

power of each band divided by total absolute power. 
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Table 4. Impact of Gender on log transformed relative EEG 

Activities of C3 lead during each sleep stage  

 

 Total 

(N=75)  

Men 

(N=24)  

Women 

(N=51)  
P  

Alpha     

S1 (%) 1.03±0.18 1.00±.021 1.05±0.16 0.378 

S2 (%) 0.847±0.15 0.785±0.16 0.877±0.13 0.013 

S3 (%) 0.483±0.36 0.390±0.21 0.53±0.41 0.149 

Beta     

S1 (%) 0.559±0.24 0.596±0.24 0.542±0.25 0.303 

S2 (%) 0.239±0.21 0.252±0.19 0.233±0.21 0.682 

S3 (%) -0.312±0.23 -0.298±0.26 -0.319±0.22 0.726 

Data are presented as mean ± SD 

Relative power; Relative power was calculated as absolute 

power of each band divided by total absolute power. 
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Table 5. Correlation between subjective and objective sleep 

assessments  

 PSQI SL TST D_SL D_TST 

Alphaa 0.138 0.184 -0.017 0.061 -0.039 

  S1 0.032 0.095 0.052 -0.036 0.186 

  S2 0.089 0.145 0.047 -0.022 0.037 

  S3 0.060 0.267* -0.007 0.145 0.084 

Betab 0.174 0.091 -0.187 0.100 -0.255* 

  S1 0.059 0.211 0.054 0.110 0.024 

S2 -0.003 0.046 -0.004 0.048 -0.070 

S3 0.093 0.076 -0.162 0.133 -0.250* 

 

Data are presented as correlation coefficient value after 

controlling for age and GDS.  

GDS, geriatric depression scale; PSQI, Pittsburgh sleep quality 

index; SL, sleep latency in PSQI; TST, total sleep time in PSQI; 

D_SL, SL in PSQI – SL in polysomnography; D_TST, TST in 

PSQI – TST in polysomnography  
a log transformed relative power; Relative power was calculated 

as absolute power of each band divided by total absolute power. 
*P<0.05 
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Figure 2. Comparison of log transformed absolute and relative 

powers during NREM sleep between men and women at alpha 

and beta frequencies. 

M, men; F, women 
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Figure 3. Scatter plot of log transformed relative beta power in 

electrode C3 during NREM sleep against D_TST. Relative beta 

power in electrode C3 was correlated with D_TST after 

controlling age and GDS. 

TST, total sleep time; PSQI, Pittsburgh Sleep Quality Index; 

TST in PSQI – TST in polysomnography. Relative beta power 

was calculated as absolute beta power divided by total absolute 

power. 

 

 

 

 

r=-0.255, p=0.030 
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국문 초록 

서론: 노인에서 여성은 남성에 비해서 주관적인 수면 불편감을 더 

많이 호소하지만 손목활동측정기나 수면다원검사 

(polysomnography, PSG) 등의 객관적인 방법으로 수면 구조를 

측정하였을 때 오히려 수면의 질이 더 좋게 기록되기도 한다. 

따라서 본 연구에서 노인에서 수면의 성별 차이를 설명하기 위하여 

수면 중 뇌파(sleep EEG)를 측정하고 이를 판독 지침(visual 

scoring)에 따른 결과와 스펙트럼 분석(spectral analysis) 결과를 

살펴보아 수면 불편감의 객관적인 증거를 찾고자 하였다.  

방법: 60세 이상의 354명의 참가자가 지역 사회에서 모집되었고 야

간 수면다원검사를 시행하였다. 참가자 중에서 주기성 사지 움직임

(periodic limb movement)이나 수면 무호흡 증후군(sleep apnea 

syndrome)이 있거나 수면다원검사에서 하나 이상의 수면 단계가 

기록되지 않은 경우는 제외하였다. 대상자들의 뇌파에 푸리에 변환

(Fourier transformation)을 적용하여 스펙트럼 분석을 하여 다양

한 주파수에서의 절대력(absoluate power)을 산출하였다. 상대력

(relative power)은 각 주파수 영역에서의 절대력(absolute power)

을 총 절대력으로 나눈 결과값이다.  

결과: 최종적으로 분석한 총 75명의 참가자 중 51명은 여성이었다. 

여성들은 피츠버그 수면 질 지수(PSQI)가 남성에 비해서 더 높고, 
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수면잠복기가 길고 수면의 효율이 더 높고 주간 장애는 더 많았다. 

1단계 수면(stage 1 sleep, S1)은 남성에서 더 많이 관찰되었으나 

3단계 수면(stage 3 sleep, S3)은 여성에서 더 많이 관찰되었다

(P=0.001; P=0.001). 여성은 비렘수면 중의 알파(alpha) 주파수 

영역에서 남성에 비해 더 높은 상대력을 보였다(P=0.017). 또한 

베타(beta) 주파수의 상대력도 여성에서 남성에 비해 더 높았다

(P=0.015). 비렘수면 중의 알파(alpha) 주파수의 상대력은 2단계 

수면에서 여성이 남성에 비해 더 높았다. (P=0.013). 비렘수면 중

의 베파(beta) 주파수의 상대력은 주관적으로 기록한 전체 수면 시

간에서 수면다원검사상 기록된 전체 수면 시간을 뺀 값(D-TST; 

TST in PSQI – TST in PSG)과 음의 상관관계를 보였다(R=-

0.250, p=0.033). 3단계 수면에서의 알파(alpha) 주파수의 상대적

은 주관적으로 기록한 수면 지연(sleep latency)과 양의 상관관계

를 보였다(R=0.267, P=0.022).   

결론: 수면 뇌파를 시각적 판독을 하면 여성에서 남성에 비해 더 안

정적인 수면을 관찰할 수 있으나, 스펙트럼 분석 결과를 보면 여성

에서 더 수면이 불안정하다. 이러한 스펙트럼 분석 결과가 노인 여

성에서의 수면 불편감을 설명할 수 있겠다.       

------------------------------------- 

주요어: 노인, 성, 수면 뇌파, 스펙트럼 분석  
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