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Effects of Thermal Environment on Changes in Circadian Rhythm
of Rectal Temperature During Night Sleep in Summer
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Abstract: The close relationship between sleep and body temperature is well documented. In this study, we focused on
circadian rthythm of rectal temperature and investigated physiological and psychological responses to changes in thermal
environment during night sleep in summer. Seven healthy female college students participated in a sleep experiment in the
climate chamber. Subjects slept for 8 hours under two environmental conditions. Condition 1: Ambient temperature was
decreased to 2°C from 27°C over 1 hour, maintained for 2 hours, and subsequently increased to 3°C for 5 hours. Condition
2: Ambient temperature was increased from 2°C to 27°C over 1 hour, and maintained for 7 hours. Measurements included
EEG rectal temperature (Tre), skin temperature (Tsk), heart rate, and responses to the OSA sleep evaluation.

Changes in ambient temperature influenced both Tsk and Tre. In addition, it was possible to assess the influence of ambient
temperature on percentages of sleep stage during sleep and OSA evaluate sleep evaluation by sleepless, worries, integrated
sleep feeling, and sleep initiation.
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Table 1 Outline of the experiments

Period 2005,8/2-9/6
Time 11 p.m-7 a.m (8hour)
Location Climete chamber at Nara Woman's University
Subject 7 female college students
EEG, EQG, EMG, Skin temperature (forehead, abdomen, forearm, back of hand,
Allnight | thigh, shin and instep), Rectal temperature, Heart rate and Body movement
Index Air temperature, Humidity, Clothing microclimate (chest), Bed microclimate
Before and {Body weight, Blood pressure and pulse, Oral temperature, Subjective evaluation|
After of condition, OSA sleep inventory (only after sleeping)
Bedding Sheet (100% cottton), Feather pillow and bfanket (100% cotton)
Clothing wearing panties, half pants, and short-sleeve pajamas
Table 2 Height (cm) | 156.7+3.7
Subjects’ physical characteristics wi‘ftltrf:(g) 48.6+3.9
and preferred temperatures | temperaturs (°C) 278+08
-60 0 480 (min)
Subject enter the room| Sleep I Wake
Body weight, Blood EEG, EOG, EMG, 5 Body weight, Blood
pressure and Skin Temperature, Rectal H pressure and
pulse,Oral Temperature, i pulse,Oral
Temperature, Clothing and bedclimate, Temperature,

Subjective evaluation
of thermal condition

Body movement and Heart rate,
Air Temperature

ESubjoctive evaluation
{ of thermal condition
and OSA sleep

inventory

[
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Fig. 3 Changes in mean skin temperature. (n=7)
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Table 3 Subjects’ physical characteristics and preferred temperatures

2003 2005
Height (cm) | 155.7+5.0/ 156.7£3.7
Weight (kg) | 49.042.7| 48.6+3.9

Preferred 26.7+1.4| 278+08

temperature (°C)
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Fig. 4 The decrease in rectal temperature. (n=7)

60 m —2°CJ
50 | ® c

W+M Stage1 Stage2 Stage3d+4 REM

o) Fig. 5 Percentages of each sleep stage during sleep (n=7)
100

m-2°C
80 +2°C

60

40

20

0

0-120 120-240 240-360 360-480 (min)
Fig. 6 Percentages of stage 2 each segments (n=7)

| m—2c |
50 | B+2°Cc |

0-120 120-240 240-360 360-480 (min)
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Fig. 8 OSA sleep inventory. Values are means. (n=7)
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Fig. 9 Changes in air temperature (2003&2005)
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Fig. 10 The decrease in rectal temperature. (n=7)
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Fig. 11 OSA sleep inventory. Values are means. (n=7)

*=p<0.1 **=p<0.05 ***=p<0.01
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