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ABSTRACT

Background and Objectives: Although there are many stages of sleep, there are few studies on the differences in
snoring sounds that occur in each stage of sleep. Acoustic analysis of snoring sounds provides a lot of information,
and in this study, we attempted to acoustically analyze and compare snoring sounds generated during rapid eye
movement (REM) sleep and non-REM (NREM) sleep. Materials and Methods: Thirteen with obstructive sleep apnea
who underwent polysomnography were enrolled. Snoring sounds were analyzed during REM and NREM (N2 stage)
sleep using a recorder placed within 30 cm of the shoulders. To eliminate confounding factors associated with sleeping
position, the snoring sounds were recorded only in the supine position. In addition, to prevent inter-examiner errors,
the recordings were performed by a single person. Snoring sounds were compared between sleep stages for formant
frequency (Hz), intensity (dB), and spectrogram. Results: Formant frequency analysis of snoring sounds revealed
statistically significant F, values generated during REM and NREM (N2) sleep in males (p<0.05). The intensity of
snoring sounds (dB) was significantly higher in men than in women during REM sleep (p<0.05). A 0.025-narrow-band
spectrogram analysis revealed that the intensity waveform of snoring was darker and exhibited higher energy densities
in REM sleep than in NREM (N2) sleep. Conclusion: There was an acoustic difference between the snoring sound
generated during REM sleep and NREM (N2) sleep, and further studies with more cases should be conducted.
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Table 1. Demographic characteristics of the patients
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1382 o ® sl (d4d 87 4
-+ 53.39+12.294, B+ AAF A= 26.5
+3.55, B4 apnea-hypopnea index 48.1+31.01; Ta-
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TE Fui(Hy), 4=(dB)et AHERTHS EASH H
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TE myztof thst REMI} NREMO] FZo] 24 &4 A
Z(Formant 1, 2, 3, 4, sound intensity)Z H|235l7] Y3,
L HEG 18j5to] H| 42| Bl (Wilcoxon signed rank
test) Yot BAH BEAZ A=Ft p-value?t 0.05 ©]
51Ql B¢ BAZHCE [Fou|gt Ao & 13t

Characteristics Male Female Total
Number of patients 5 13

Age (meanSD) (years) 48+12.49 62+4.73 53.39£12.29
BMI (mean+SD) (kg/m?) 27.76x1.70 24.48+4.64 26.5+£3.55
AHI (mean+SD) 62.9+31.47 24.42+1.93 48.1+31.01

BMI: body mass index, AHI: apnea-hypopnea index.
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Table 3. Mean acoustic intensity (dB) of snoring in REM and
NREM sleep according to gender

Sleep stage Male Female
REM 66.93+6.78* 60.24+2.23
NREM 60.13+7.05* 53.62+5.18
Statistics: paired t-test, Wilcoxon signed-rank test.
*p< 0.05.

REM: rapid eye movement, NREM: non-rapid eye movement.
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Table 2. Mean formant frequencies of snoring in REM and NREM sleep according to gender

Sleep Male Female
Stage F1 FZ F3 F4 F1 F2 FS F4
REM 838.63 1,747.85* 2,781.14 3,951.43 791.34 1,754.28 2,627.24 4,103.84
NREM 882.30 1,885.76* 2,933.08 4,114.79 691.14 1,844.82 2,627.50 4,058.48
Statistics: paired t-test, Wilcoxon signed-rank test.
*p<0.05.

REM: rapid eye movement, NREM: non-rapid eye movement, F,, F,, F3, F,: first, second, third, and fourth formant frequencies (Hz).
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Fig. 1. Spectrograms of snoring sounds. A: Spectrogram of a snoring sound in REM sleep analyzed with a narrow band. Compared to NREM
(N2) sleep, the waveform of snoring intensity is darker, and there is higher change in energy density (arrows). B: Spectrogram of a snoring
sound in NREM sleep analyzed with a narrow band. Compared to REM sleep, the waveform of snoring intensity is lighter, and there is a lower
change in energy density (arrows). REM: rapid eye movement, NREM: non-rapid eye movement.
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