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Fig.l Actigraph of the four different sites on the
first day.

Activity counts of the four sites and sleep state
estimated by Cole Formula were plotted in vertical
lines every minute across clock time. Behaviors in
time zone of wakefulness were designated by sym-—
bols of C (class), M (meal), S (shopping/ chores), B
(bathing), D (driving) and W (deskwork).
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Fig.2 Autocorrelations and circadian rhythm of multi-actigraph
across 7 consecutive days.
Cycle: length of time lag 0 through time P.
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Table 1 Averages of multi-actigraphic activity in time zones of wakefulness and sleep
(SDs given in italics)
B 7E BB AL FH o HE D BE X2(3) p EhE 2
measurement sites Wrist Chest  Lumbus ankle days hrs
A 149.9 144.6 117.6 123.4 17.23 <01 7 165.1
Al lday 114.51 123.92 108.16 109.29
R EERF 204.6 201.7 163.2 173.5 17.57 <01 7 115.6
Wakefulness 90.69 107.43 100.15 95.31
HiE B B ) 31.8 21.0 18.8 14.0 10.07 <.05 7 46.6
Sleep 54.46 32.16 28.77 23.70

Data of naps were not included.
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PHEALOT 7 F 77 7T b EMICEE Lz, AL
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Table 2 Mmulti-actigraphic acrivity of behavioral categories in time zone of
wakefulness (SDs given in italics)
SBITE £R FH e BHE p IR
TEIA T — Wrist Chest Lumbus  ankle X2 P AR %};ﬁ?
_ 266.6 280.9 253.9 243.1 11.67 <.0.01 9 94.6
B
1) EOER 52.28 51.08 54.33 48.36 85.0
= . 258.1 289.6 253.0 235.2 5.40 ns 5 98.4
2 B - WwR 54.29 57.94 52.89 69.25 9.07
3) ST 251.2 251.7 223.9 206.3 15.86 <.0.01 7 344
(&% - 8B 62.26 71.01 71.84 78.26 9.68
- - 241.0 239.9 193.1 204.0 10.71 <.0.05 7 774
\ .
H RV - RE 80.90 104.22 102.22 81.31 48.92
5 BE 228.3 244.1 183.0 186.8 25.59 <.0.01 17 27.9
79.19 95.91 91.45 91.33 8.62
6) FRYT— 192.1 189.9 158.7 167.4 17.73 <0.01 11 172.7
=& 88.36 97.96 87.69 96.77 72.59
7 V-0 138.0 119.9 90.5 111.8 8.00 <.0.05 6 179.3
REE 95.79 98.76 81.98 92.91 86.98
8) ek 22.6 16.0 16.5 11.5 0.00 ns 4 44.3
34.03 26.92 22.48 22.37 15.39

Behavioral categories: 1) driving, 2) class, 3) walking, 4) shopping /chores, 5) meal, 6) deskwork,

7) TV watching / radio listeniong, and 8) nappig.
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Moflskz B LTHAECEMEHSRT (22(6)=
29.286, p<0.01), Z 4L 5 O FH BE 137 8 o I B I [ 4
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Table 3 Cocordance rate of actigraphic activity of
the four measurement sites of the body

EEREDHEE FEHY ) FEEEL )
a) #A 0.819 0.185
b) REERME® 0.961 0.022
(1) HEDE#x 1.000 0.000
(2) =¥ -#E& 0.996 0.000
() H17 - BE 0.979 0.000
4 B - RS 0.972 0.000
5) BE 0.962 0.000
6) TROI—V - & 0.977 0.000
(M) TV - S OA1EEE 0.887 0.055
8) 1=AER 0.350 0.164
c) BEIRFFREH 0.448 0.222

Classification of actibity states of daily life: a) all
day, b)wakefulness consisting of driving (1), class (2),
walking (3), shopping / chores (4), meal (5), desk work
(6), TV watching/ radio listeniong (7), nappig (8), and c)
sleep.
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Fig.3 Correlations of multi—actigraph in time zones of wake—
fulness and sleep.

Pearson’s product moment correlation coefficients were cal—
culated between sites of Wrist/ Chest, Wrist/Lumbus, Wrist/
Ankle, Chest/Lumbus, Chest/Aankle, and Lumbus/Ankle.
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Fig.4 Distribution of total activity of actigraph in time zones
of wakefulness and sleep.

Total activity was produced by summing activity counts of
the four sites for each Imin—epoch. (A) comparison of total
activity in wakefulness and sleep, (B) distribution of active
sites during sleep, defined as epochs in which activity levels of
the four sites simultaneously exceeded averages.
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Fig.5 Detection of signals of gross body movements (GBMs)
in time zone of sleep.

From the top down, wake and sleep states estimated by Cole
Formula, detected signals of GBMs, and total activity obtained
by summing up activity counts of four sites in Fig.1.

®4 TROERFES CRESNICEGEEE Y R

Table 4 The number of detected signals of gross
bodymovements (GBMs) and percent hit of wake
state in timezone of sleep across 7 nights

Average SD
a) Tt
(1) BRLRER 37.9 6.94
(2) FhERTR 1 B5ME 5.7 3.86
(3) HCERET 1 B 7.4 4.04
(4) FhEiEidE 24.7 8.61
(5) REERATH 17.3 3.99
(6) FEER#RH 20.6 4.93
b) ZE (n/hr) 5.8 1.28
c) Ev hE (%) 53.1 10.70

a)GBMs measured during time in bed (399.3+62.61min)
(1),the first 1hr after going to bed(2), the last 1hr
beforewaking up(3),the progress of sleep(4), the first
half ofsleep episode(5) and the second half of sleep
episode, b)density of GBMs per 1hr, and c)percent hit of
wake state estimated by Cole Formula.
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A Pilot Study on the Multi—Actigraphic Assessment of Daytime Behaviors and
Gross Body Movements in Nocturnal Sleep

HIROSHIGE Yoshiharu ()

This pilot study aimed at providing the basic data of multi-actigraph which simultaneously measured the activity of
the four left sites of the body: non-dominant wrist, chest, lumbus and ankle. Recordings were made for 7 consecutive
days in one healthy elderly male under normal daily life. Analyses of time series data revealed the common trends of
activity to the four sites, indicating circadian rhythm of around 24h cycle, differences in daytime behavioral contents
and sleep state, although their levels of activity significantly differed. On the basis of concordance rate, correlation of
activity between sites, and distribution of total activity, the critical points for both the activity counts and active sites
were set to detect the signals of gross body movements (GBMs). Appearances of GBMs during sleep showed a tendency
to correspond to the sleep log which contained difficulty in falling asleep and frequent awakenings after sleep onset. The
helpfulness of multi-actigraphic approach to wakefulness and sleep was discussed.

Keywords : actigraph, sleep/wake, circadian rhythm, behavioral contents, gross body movements
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