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The effects of cooling pillow on sleep stages and body temperature
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The purpose of this study was to confirm the effect of head cooling on human sleep stages and body temperature.
Nine healthy male volunteers with a mean age of 25+3.77 yrs served as subjects. The experiments were carried out
under three different conditions: 26RH50%(26/50), 32RH80% (32/80), and 32RH80% with cooling pillow (32/80HC).
The subjects slept from 2300 to 700 with a cotton blanket and wearing short-sleeve pyjamas and short on a bed which
was covered with a sheet. EEG, EOG, and mental EMG were recorded through the night. Rectal temperature, skin
temperature, and microclimate were measured Eontinuous]y. Whole body sweat loss was measured from body weight
before and after sleep. The REM latency tended to be delayed in 32/80 compared to 32/80HC and 26/50; however, no
significant difference was observed in other sleep stage onset latency. Stage wake significantly increased in 32/80
compared to 26/50; however, no significant difference was observed between 32/80HC and 26/50. SEI (Sleep
efficiency index) also decreased significantly in 32/80 compared to 26/50. No significant difference was observed
between 26/50 and 32/80HC. The REM tended to decrease both in 32/80HC and 32/80 compared to 26/50. Rectal
and mean skin temperature was maintained higher in 32/80 and 32/80HC compared to 26/50; however, no significant
difference was observed between 32/80and 32/80HC. The temperature and humidity of the microclimate of the chest
area were maintained higher in 32/80 and 32/80HC compared to 26/50. The 32/80HC showed lower humidity than
32/80. The whole body sweat loss was significantly greater in 32/80 than 32/80HC and 26/50. Although there was
no significant difference in rectal temperature, these results suggest that cooling pillow may possibly assist sleep under

humid heat condition by decreasing the stage wake and sweat rate and decreasing the humidity of the microclimate.
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Table 1. Total duration of each sleep stages in minute.

Avg(S.D.)
26/ 50 32/ 80HC 32/ 80
Stage W*  14.8 (5.6) 584 (43.0) 101.5 (92.6)
Stage 1 41.3 (22.7) 62.9 (21.8) 53.2 (26.5)
Stage 2 205.6 (20.9) 1854 (39.5) 165.4 (55.6)
Stage 3 35.8 (19.6) 33.1 (17.9) 31.6 (21.9)
Stage 4 53.6 (21.9) 455 (35.4) 31.2 (27.7)
SWS 89.3 (39.0) 78.6 (44.1) 62.8 (47.1)
REM 110.0 (18.2) 86.8 (19.6) 89.7 (30.5)
MT 0.1(0.2) 0.6 (0.6) 0.5 (0.4)
37 Mean Skin Temperature

2650
33 | oeeeneenn 3280HC

32 =30 4

01 2 3 4 5 6 7 8

37.6 ¢
37.4
3 7 . 2 PR
37.0 }
36.8 |
36.6 |
36.4
36.2

01 2 3 45 6 7 8

Time (Hr)

Fig.1 Rectal temperature and mean skin temperature
change under three conditions in average of seven

subjects
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Fig.2 Temperature of back of the neck under three

conditions in average of seven subjects.

— 14— NI -El ectronic Library Service



Japanese Soci ety of Human- Environnent System

TIRERA SN = Fig), EFHEERS.
32/80HC & 32/80 T 26/50 KD bAEBEICH %

=T wiEA, 32/80HC & 32/80 THEIIAL &)
NN, AR EIRE T, BEBO KB E’
B 32/80HC T 32/80. 26/50 \CHNXRTHEI ‘E& 2650
ELRNTWE (Fig.2), =

B EOREQKRES Fig.3 IORT, M EORE, T
BEZEDHIZ 32/80HC T 32/80, 26/50 LD H Time (Hr)

FRCENM- 72, WBOKRBAKMETIE, IREIE  Fig.3 Temperature change over the pillow in
32/80 & 32/80HC T 26/50 kD bABICHN o o oee of seven subjects.

7=, EEH. 32/80 & 32/80HC T 26/50 £ %
HFRIZEMN -7, 32/80HC Tid 32/80 Lh A

B 5 7 Figd), v
RERDRIZ. 32/80HC & 32/80 T 26/50 & fé
DOLEBICS N7, £z, 32/80HC Tid 32/80 5
& D BE RN S 7 (Figd),
S
E Pt =)
BEIRZIEIL 32/80 T 26/50 L DEBICEH E
74t 32/80 HC & 26/50 TIRAEEIZR SR 2
2 20 .

Nolz., £z, REOHBEFMTHEERIC, 32/80
T 26/50 LDAEITHEML TR, 32/80HC Fig 4. Temperature and humidity of the micro
L 26/50 THREMELNAN- =, HEBE. ¥y climate of the chest area in average of seven
RBBTIE 32/80 & 32/80HC TREABENAE

Mo, L L, AEROBEIHEIC 32/80 T ——**—1

26/50 & 32/80HC X b#ML Twi, KEHE 21 ] rﬁ
ETH, 32/80HC Ti&, 26/50 kD&MD 7228, 60

70 F

32/80 LD AEIEN LIV EHES TV, Ej:: T

PEDZ EH S BRI TEBEBAT D Z LA gah o
HEENGL, BTFREBOIEZI LN, MEE :' @ azsonc
MORMA b LR EEHE H B AR X N, 0 e

Fig 5. Whole body sweat loss calculated
\ from body weight before and after sleep in
51 STk . L
average of seven subjects. The vertical line
1) Okamoto-Mizuno, K.: Effects of humid heat exposure represents standard deviation. The astarisk

on human sleep stages and body temperature, SLEEp, ~ indicates significant level *P<0.05.
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