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EFFECT OF SLEEPING ENVIRONMENT IN SUMMER
ON NIGHT SLEEP PATTERNS AND RECOVERY
FROM FATIGUE AFTER AWAKENING

By

Kazuya MATSUMOTO*, Kuninori KIMOTSUKI**,
Tomoko MATSUI* & Kouichi FURUMI*

The effect of environmental temperature in summer on sleeping patterns at night and
on recovery from fatigue were studied experimentally. Eight healthy male students slept
in two temperature conditions and their physiological and psychological changes were com-
pared. The following results are obtained.

(1) 1In a night sleep in ordinary summer night conditions, that is, in the experimental
night sleep, the mean room temperature was kept in the range of 31.9-32.9°C and relative
humidity around 80%. These conditions were 6.0-8. 1°C and 12-14% higher, respectively,
than in the control night sleep.

(2) In the experimental sleep, the thermal conditions in the bed continuously recorded
throughout the night showed marked variations.

(3) The mean skin temperature usually showed a tendency to rise slightly after lying
in the bed. But the skin temperatures on the back of the hand and sole tended to show
a gradual fall in the control sleep. In the experimental sleep, the skin temperatures on
the back of the hand and sole maintained a much higher level than in the control sleep.

(4) In the experimental sleep, total sleeping time markedly shortened and the number
of intermediate awakenings, and the frequency of stage 1 sleep or sleep stage shifts increased
significantly in all cases compared with the control sleep. At the same time, the total
awakening period and stage 1 sleep time significantly increased. On the other hand, the
periods of stages 2, 4 and REM sleep significantly decreased. Sleep onset was significantly

delayed in the experimental sleep.
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(5) Self-ratings of the sleeping state showed poorer estimation in all cases in the experi-

mental sleep.

(6) Fatigue complaints and the Stanford Sleepiness Score at the time of getting up

showed higher levels after the experimental sleep than after the control sleep.
flicker fusion performance kept a low level after rising from the experimental sleep.

in the evening following the experimental night,

The critical
Further,

fatigue scores tended to increase and the

flicker fusion performance tended to decline again.

From these results, it was suggested that sleep in high temperature and humidity condi-

tions prevalent in summer might be both quantitatively and qualitatively poorer and result

in insufficient recovery from fatigue after awakening.
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Fig.1 Changes of mean room temperature and
relative humidity in the control and ex-
perimental sleep at night. The upper
figure shows about room temperature
and the lower one about relative humi-
dity. Vertical lines represent the range
of standard deviation.
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Fig.2 Changes in bed temperature. These two figures show changes of temperature in
each part of the bed. The upper figure shows the measurement results of one
subject in control sleep and the lower in experimental sleep.
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Fig.3 Changes of mean skin temperatures in
three locations in control and experi-
mental sleep.
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Fig.4 Sleep patterns of the three subjects in control sleep.
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Fig.5 Sleep patterns of the three subjects in experimental sleep.
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Table 1 Mean values and standard deviations for sleep variables during experimental and
control sleep. Values in each parenthesis in the middle and right columns show
standard deviations. The asterisk shows significant difference from control sleep

by paired t-test.

*:p<0.05, **:p<0,01, ***:p<0,001

Sleep variables Control Experimental
Sleep period time (min) 463.8 ( 7.8) 406.9 (60.9)*
Total sleep time (min) 452.6 (13.4) 317.9 (66. 4)***
Sleep efficiency index % 94.2 ( 2.8 66.4 (22, 0)***
Number of awakenings (N) 1.0 ( 0.7) 5.1 ( 8.8)**
Number of stage 1 sleep (N) 12.3 (5.3 22.9 ( 3. 1)**
Changes of sleep shifts N) 43.8 (10.6) 68.4 ( 7.4)**
Latency stage 1 (min) 16.2 ( 7.8) 73.1 (57.7)*
stage 2 (min) 7.2 ( 3.5) 5.8 (0.8
stage 3 (min) 16.7 ( 8.3) 19.6 (10.9)
stage 4 (min) 20.6 ( 8.4) 27.6 (17.1)
stage REM (min) 86.2 (26.6) 84.2 (36.2)
Number of REM period. (N) 4.2 (0.4 3.0 (0.9)*
First REM duration (min) 11.3 ( 5.3) 13.5 ( 6.1)
First sleep cycle length (min) 96.6 (31.3) 96.7 (38.3)
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Table 2 Mean values and standard deviations
in parentheses of subjective ratings
after awakening for experimental and
control sleep.. The asterisk shows
significant difference from control
sleep by paired t-test. ’
* 1 p<0.05, ** : p<0. 0L

. Control |Experimental
Rating night night
Depth of sleep 4. 4(0.5) 2.1(1. 2)**
Rapidness of sleep onset | 3.1(0.8) | 1.7(0.8)%**
Sufficiency of sleep 3.300.7) | 1.7(0.6)**
Mood on waking 2.6(0.5) | 1.7(0.6)*
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