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Characteristics of Sleep Electroencephalographic Power in Chronic Insomnia Patients

[ Abstract] Objective To study the sleep electroencephalogram (EEG) power features of patients with chronic
insomnia. Methods Retrospective analysis was performed with patients who met the ICD-10 diagnostic criteria for
chronic insomnia, using polysomnography (PSG) to examine the overnight sleep EEG. The sleep architectures and
relative EEG power across five frequency bands during overnight sleep were compared to study the differences between
the insomnia and control groups. Furthermore, the correlation between EEG power and various PSG measures was also
analyzed. Results Forty-five subjects were enrolled in the study, including 25 chronic insomniacs (18 females, aged
[36.2£10.7] years) and 20 controls (18 females, aged [36.1+7.6] years). Compared to those of the control group, insomnia
patients had significantly lower value of delta power ([38.0£6.1] vs. [43.2+5.8], P<0.05) in the NREM1 stage, and increased
value of beta power during total NREM, NREM1 and NREM2 (NREM sleep [5.4+2.3] vs. [3.8+1.4], NREM1 [11.3+3.5] vs.
[8.7£2.8], and NREM2 [5.742.3] vs. [4.4+1.4], all P<0.05). For correlation analyses, in the insomnia group, a significantly
positive correlation was found between the delta value during NREM sleep and the duration of NREM3 sleep (r=0.527).
The beta value during NREM sleep was found to be negatively correlated to the duration of NREM3 sleep (r=—0.767). A
positive correlation was found between the beta value during NREM sleep and the duration of NREM1 and NREM2 sleep
(r=0.486 and 0.589, respectively). Conclusion The results suggest that patients with chronic insomnia have decreased
low-frequency EEG power, but increased high-frequency EEG power during NREM sleep. The findings indicate that

cortex arousal level is elevated in chronic insomniacs during NREM sleep.
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Table 1 Comparison of demographics, overnight PSG measurements

and ESS scores between controls and insomniacs

Item Controls (n=20) Insomniacs (n=25) t P

Agelyr. 36.1+7.6 36.2+10.7 161 0.114
Sex(male/female) 2/18 7/18 1.27 0.026
TST/min" 446.6+44.5 398.5+91.0 2.32 0.026
SOL/min” 15.5+17.5 32.8+45.2 -0.03 0.980
REM SOL/min” 7.5 (4.0, 20.8) 10.5 (6.5, 34.8) 313.00 0.150
WASO/min* 46.3£33.9 72.9+61.0 -1.85 0.071
NREM/min" 354.5+29.7 319.6£70.5 2.24 0.032
NREM1/min* 70.5+43.0 64.4+24.2 0.57 0.571
NREM2/min" 256.4+39.4 237.8+75.6 1.06 0.296
NREM3/min" 24.8 (8.0, 36.5) 1.5 (0.0, 28.5) 152.00 0.024
REM/min" 91.7+30.2 81.1+£34.5 1.09 0.282
SE/%’ 89.7(84.0,92.5) 84.1(72.8,90.2) 157.00 0.034
ESS’ 7.5(2.5,10.8) 5.0 (2.0, 8.5) 197.00 0.223

PSG: Polysomnography; TST: Total sleep time; SOL: Sleep onset latency;
WASO: Wake after sleep onset; NREM1: Duration of non-rapid eye
movement sleep stage 1; NREM2: Duration of non-rapid eye movement
sleep stage 2; NREM3: Duration of non-rapid eye movement sleep stage 3;
NREM: Time of whole non-rapid eye movement sleep; REM: Rapid eye
movement sleep time; SE: Sleep efficiency; ESS: Epworth Sleepiness Scale.a:
X+ 5; b: median (P, P,s).
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Table2 Comparison of the relative EEG power across different

frequency bands between controls and insomniacs during the

W, NREM and REM sleep stages

Frequency band Controls (n=20) Insomniacs (n=25) t P
w
Slow-oscillation 14.7£13.3 13.249.1 0.34 0.738
Delta 23.3+9.5 23.8+£10.1 -0.21 0.833
Theta 14.9+5.4 15.5+7.4 -0.27 0.792
Alpha 34.3%17.7 32.1£18.5 0.41 0.685
Beta 12.7+4.8 15.2+£7.0 -0.66 0.515
NREM
Slow-oscillation 25.1+4.2 25.116.4 0.01 0.989
Delta 50.6£3.6 48.0+5.6 1.24 0.223
Theta 12.4+2.0 12.5+2.8 -0.11 0.915
Alpha 8.1+2.8 8.2+£3.5 —-0.06 0.951
Beta 3.8+1.4 5.4+2.3 -2.81 0.008
NREM1
Slow-oscillation 12.7+4.8 16.0+8.7 -1.61 0.115
Delta 43.2+5.8 38.0+6.1 2.99 0.005
Theta 20.9+4.0 19.316.1 1.38 0.176
Alpha 14.5+6.2 15.5+7.5 0.50 0.617
Beta 8.7£2.8 11.3£3.5 -2.74 0.009
NREM2
Slow-oscillation 23.4+4.7 24.0+7.1 -3.42 0.732
Delta 49.3+3.8 48.2+5.0 0.83 0.411
Theta 13.742.5 13.3£3.0 0.51 0.612
Alpha 9.2£3.0 8.8+4.3 0.73 0.468
Beta 44+1.4 5.742.3 -2.33 0.025
NREM3
Slow-oscillation 32.6£5.9 31.1+6.2 0.69 0.494
Delta 54.2+4.3 55.9+6.3 -0.90 0.375
Theta 8.0£1.8 8.1+2.4 -0.21 0.838
Alpha 4.0£2.0 3.3+£1.5 1.06 0.300
Beta 1.2+0.34 1.6+1.2 0.46 0.653
REM
Slow-oscillation 15.9£5.5 16.9+6.3 -0.54 0.592
Delta 43.7+4.1 42.7+5.9 0.60 0.554
Theta 20.8+4.9 19.0+4.0 1.33 0.191
Alpha 11.8+£3.5 12.5+6.1 —-0.15 0.884
Beta 7.7£1.5 8.9+3.1 -1.43 0.159

W: Wake stage before sleep onset; NREM: Non-rapid eye movement
sleep; NREM1: Non-rapid eye movement sleep stage 1; NREM2: Non-rapid
eye movement sleep stage 2; NREM3: Non-rapid eye movement sleep stage
3; REM: Rapid eye movement sleep.
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Table 3 Correlations between the relative power of NREM-stage delta
and beta-frequency EEG and PSG parameters (r)

Controls Insomniacs

Item

Delta Beta Delta Beta
TST —-0.182 0.215 0.040 0.342
SOL -0.224 0.111 -0.074 —-0.346
WASO 0.189 -0.287 0.006 -0.320
NREM1 0.003 -0.108 —-0.392 0.486"
NREM2 —-0.074 0.352 —0.098 0.589"
NREM3 0.054 —-0.238 0.527" -0.767"
REM -0.172 0.167 0.124 0.323
SE —-0.050 0.078 0.047 0.336
ESS —-0.072 0.071 —-0.234 —-0.148

Data are presented as Spearman’s rank correlation coefficient. NREM:
Non-rapid eye movement sleep stage; TST: Total sleep time; SOL: Sleep
onset latency; WASO: Wake after sleep onset; NREM1: Duration of non-
rapid eye movement sleep stage 1; NREM2: Duration of non-rapid eye
movement sleep stage 2; NREM3: Duration of non-rapid eye movement
sleep stage 3; REM: Rapid eye movement sleep time; SE: Sleep efficiency;
ESS: Epworth Sleepiness Scale; * P<0.05.
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