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Application of Detrended Fluctuation Analysis of Electroencephalography
during Sleep Onset Period
Doo-Heum Park, MD,' Chul-Jin Shin, MD?
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’Department of Psychiatry, College of Medicine and Medical Research Institute, Chungbuk National University, Cheongju, Korea

Objectives  Much is still unknown about the neurophysiological mechanisms or dynamics of the sleep onset process. Detrended
fluctuation analysis (DFA) is a new tool for the analysis of electroencephalography (EEG) that may give us additional information
about electrophysiological changes. The purpose of this study is to analyze long-range correlations of electroencephalographic signals
by DFA and their changes in the sleep onset process.

Methods Thirty channel EEG was recorded in 61 healthy subjects (male : female = 34 : 27, age = 27.2 + 3.0 years). The scaling ex-
ponents, alpha, were calculated by DFA and compared between four kinds of 30s sleep-wakefulness states such as wakefulness, transi-
tion period, early sleep, and late sleep (stage 1). These four states were selected by the distribution of alpha and theta waves in O1 and O2
electrodes.

Results  The scaling exponents, alpha, were significantly different in the four states during sleep onset periods, and also varied with
the thirty leads. The interaction between the sleep states and the leads was significant. The means (+ standard deviation) of alphas for
the states were 0.94 (+ 0.12), 0.98 (+ 0.12), 1.10 (+ 0.10), 1.07 (£ 0.07) in the wakefulness, transitional period, early sleep and late sleep
state respectively. The mean alpha of anterior fifteen leads was greater than that of posterior fifteen leads, and the two regions showed
the different pattern of changes of the alpha during the sleep onset periods.

Conclusions  The characteristic findings in the sleep onset period were the increasing pattern of scaling exponent of DFA, and the
pattern was slightly but significantly different between fronto-temporal and parieto-occipital regions. It suggests that the long-range
correlations of EEG have a tendency of increasing from wakefulness to early sleep, but anterior and posterior brain regions have differ-
ent dynamical process. DFA, one of the nonlinear analytical methods for time series, may be a useful tool for the investigation of the
sleep onset period.
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F4, F7, F8, FT7, T8, FC3, FC4, FZ, FCZ, T7, T8, C3, C4, CZ,
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g7 38 5 54 (Detrended fluctuation analysis)
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1 QI3 (channel effect, df = 29, F = 174.56, p = 0.000), =
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(sleep state™channel effect, df = 87, F = 19.04, p = 0.000). Bon-
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DFA of EEG during Sleep Onset Period | Park DH, et al

Table 1. The scaling exponents, alphas, of thirty EEG channels in
four different sleep onset periods*

Wakefulness  Transition Early sleep  Late sleep
(mean + SD) (mean + SD) (mean + SD) (mean + SD)

Fpl  1.16 £ 0.18 1.17 £ 0.17 130 £ 0.13 1.24 = 0.11
Fp2 1.12 £0.18 1.17 £ 0.15 128 + 0.12 122 + 0.10
FI7 110 £ 0.19 1.14 £ 0.16 1.22 + 0.12 1.14 + 0.08
F18 1.08 £0.18 1.14 £0.15 1.20 £ 0.11 1.13 £ 0.09
Fz 096 £0.15 0.98 £0.13 1.08 £ 0.10 1.07 + 0.09
FC3 0.96 £ 0.16 0.99 £0.13 1.09 £ 0.10 1.06 = 0.09
FC4 096 £ 0.14 099 £0.13 1.08 + 0.09 1.05 + 0.09
Fcz 093 £0.14 0.95+0.12 1.04 £ 0.09 1.02 + 0.09
F3  1.02 £0.17 1.06 +£0.14 1.16 £0.11 1.12 = 0.09
F4 101 £0.16 1.05+0.14 1.14 £0.10 1.11 £ 0.09
F7 116 £ 020 121 +0.17 129 +0.13 1.19 + 0.08
F8  1.13 £0.19 121 +0.16 127 £0.13 1.18 £ 0.09
C3 091 £0.16 093 £0.13 1.04 +0.08 1.03 £ 0.09
C4 090 +0.14 093 +£0.12 1.04 £0.07 1.08 = 0.09
CP3 0.85+ 0.15 0.88 £0.14 1.02 £ 0.07 1.02 = 0.08
CP4 084 £ 0.13 088 £0.12 1.02 £ 0.06 1.02 + 0.09
CPz 083 +0.14 0.86 + 0.12 1.00 + 0.07 1.01 + 0.08
Cz 088 £0.14 091 £0.12 1.02 +£ 0.09 1.00 = 0.09
Ol 076 £0.17 084 +0.18 1.04 £0.11 1.04 £ 0.08
o2 079 £0.17 087 +0.18 1.02 +0.09 1.05 + 0.12
Oz 080 +0.18 089 £020 1.03 +0.11 1.04 +0.08
P3 081 +£0.15 084 +0.15 1.00 +0.06 1.02 + 0.07
P4 078 £0.15 084 £ 0.15 1.00 £ 0.06 1.02 + 0.08
P7 088 +0.18 092 £ 0.15 1.05+ 0.09 1.04 + 0.07
P8 0.83 +0.17 090+ 0.16 1.04 £0.08 1.04 +0.07
Pz 078 £0.13 0.82 + 0.12 0.99 + 0.06 1.01 + 0.08
7 104 £0.18 1.08 £0.16 1.16 £0.12 1.11 £ 0.08
T8 101 £0.16 107 £0.15 1.14 £0.10 1.10 = 0.09
TP7 0.96 £ 0.17 0.99 +0.15 1.08 £ 0.10 1.06 = 0.07
P8 0.93 £ 0.16 099 +0.17 1.08 + 0.08 1.07 + 0.08

x . the mean alpha was significantly different according to the
four sleep onset periods (repeated measure ANOVA, df = 3, F =
51.58, p = 0.000), and thirty channels (repeated measure ANO-
VA, df =29, F = 174.56, p = 0.000). The interaction between sleep
state and channel was also significant (repeated measure AN-
OVA, df =87, F = 19.04, p = 0.000), EEG : electroencephalography

FHEE 7H] Bla= p = 00642 Frolgt Ako]7F LEhR] 2gtTh

30709) Ad 5 A5 A=Hfronto-central leads) 157H(Fpl,
Fp2, FT7, FT8, Fz, FC3, FC4, FCz, F3, F4, F7, F8, C3, C4,
Cz)2} 51 A= (parietotemporooccipital leads) 157](CP3,
CP4, CPz, Ol, 02, Oz, P3, P4, P7, P8, Pz, T7, T8, TP7, TP8)
£ vl Ay AFHe SHA= pHdHER 27
1.03 + 009, 1.07 + 0.11, 1.16 + 0,01, 1.11 + 0.07% YE}F
om SR E= 717086 + 0.08, 091 + 0.08, 1.04 + 0.05,
1.04 + 0032 Ueht AR5 S4247F =4 Yl than-
terior—posterior effect, df = 1, F = 282.25, p = 0.000, sleep
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Fig. 1. The scaling exponents of the anterior fourteen channels and
posterior sixteen channels for four states of sleep onset processes.
The difference between two areas were statistically significant (an-
terior-posterior effect, df =1, F =282.25, p = 0.000, sleep state*an-
terior-posterior effect, df = 3, F =40.10, p = 0.000).

state™anterior—posterior effect, df = 3, F = 40.10, p = 0.000)
(Fig. 1).
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