FWARFAEERIFERLE Bull. Health & Sports Sciences, Univ. of Tsukuba 10 :203—220, 1987.

EAMERIGICRITTHIIBENEEN 0 IcARE{LICBET 5 %

Mmoo E —-fE K ' O=

Effect of Insufficient Sleep on Blood Vessel Reaction
to Cold and Daily Variation of the Reaction

Junichi HOSOKAWA and Shozo UEKI

The purpose of this report is to evaluate blood vessel reaction to cold of individuals who must
study till past midnight or work all night in the cold. Two conditions were set experimentally : 8-hour
sleep and no sleep. Effects of these conditions on blood vessel reaction to cold were observed on the
morning, daytime, and evening of the next day. Daily variation of the reaction was also investigated
by comparing results of three occasions. The subjects were seven healthy men. The middle finger of
their right hand was soaked in cold water at 0°C for 30 minutes. Then skin temperature of the finger
was taken on schedule and it was input to a computer and recorded. Pain sensation was examined
as well. . .

Various values indicating blood vessel reaction to cold were got from the skin temperature
change and then resistance index of frostbite was calculated by Yoshimura’s method, Nakamura’s 3
-point method and Nakamura’s 5-point method. The experiment was performed in a given-room from
10th to 29th in September, 1986.

The results were as follows.

1) The change of skin temperature of the middle finger exposed to cold water differed among
different subjects, and its patterns could be classified into three groups by its characteristics.

2 ) The daily variation of resistance index of frostbite differed greatly from subject to subject and
no significant difference was found. But the finger skin temperature before exposure to cold water and
during recovery was high in the daytime and low in the morning and in the evening, showing a
significant difference (p<0.05).

3) There was no common effect of insufficient sleep observed, although blood vessel reaction to
cold changed remarkably due to insufficient sleep in some subjects.

4) Of three kinds of resistance index of frostbite, Nakamura's 5-point method represehted
individual variation most clearly as to the effect of insufficient sleep and the daily variation, showing
its validity in evaluating blood vessel reaction to cold under various environmental conditions.

It is suggested that the effect of insufficient sleep and the daily variation of the skin temperature
may be present in the results of blood vessel reaction to cold and there is great individual variation
as to such reaction. In addition, there may be some difference in representation of the reaction
between methods because their validity is not uniform.
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Tablel Characteristics of subjects
subi. No.| sex | (55 \NE M | pe |Seors v SOOI e | aime o

1 Male | 22 |173.8 63.0 Saitama Pole vault 10 12 : 00AM 71 00AM 7.0
2 Male | 23 |169.8 70.4 Tokyo Water polo 5 2 1 00AM 8 . 00AM 6.5
3 Male | 25 167.8 58.5 Niigata Walking 7 1:00AM 8. 00AM 7.0
4 Male | 21 |[169.7 69.5 Aichi Volleyball 7 12 1 30AM | 10 : 00AM 9.5
5 Male | 21 [168.0 56.7 Aichi Swimmiﬁg 6 1: 00AM 9 : 00AM 8.0
6 Male | 24 |173.2 94.6 Nigata Hammer 9 1:00AM 9:00AM 8.0
7 Male | 29 |179.6 76.2 Gifu Handball 7 12 : 00AM 8 : 00AM 8.0

Mean 23.6 |171.70] 69.84 7.3 12 1 47TAM 8! 30AM 7.7

Std. 2.8 4.19 12.92 1.7 0:41 0:57 0.99
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Fig.2 Sensation of cold pain.
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Fig.3 Measurement instrument of cold
-induced vasodilation.
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Fig.4 Experimental Schedule.
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Fig.5 Sensation of sleeping condition. Fig.6 Sensation of sleepiness.
Table2 Standard methods for evaluation of resistance index of frostbite by Yoshimura and
Nakamura (3 Points and 5 Points).
MST (Mean Skin TFR (Temperature TTR (Time of Temperature
- Temperature) at First Rise) Rise)
Point 3 7.1C Point 3 4.1°C Point 3 7 min.
by Yoshimura | Point 2-- 41-7.0°C Point 2 1.6—4.0°C Point 2 11—8 min. .
Point 1 4.0°C Point 1 1.5°C Point 1 12 min.
“Point3 1 Point3 Point3 1
by Nakamura Y =0.4414X—4.0699 LOGeY =0.0464X —0.8685 Y =-0.4268X+18.9765
(3 Points) Point2 1 Point2 1 Point2 !
Y =0.4414X —10.0319 LOGeY =0.0464X —1.9141 Y= 0.4268X+22.7285
Point1 | Pointl | Pointl |
Point5 1 Point5 1 Point5 1
LOGeY =0.0948X —0.5722 LOGeY =0.1110X —1.6280 Y =-0.5042X +21.8735
Point4 1 Pointd 1 Point4 1
by Nakamura LOGeY =0.0948X —0.7695 LOGeY =0.1110X —1.9862 Y= 05042X+23.1035
(5 points) Point3 1 Point3 1 Point3 1
LOGeY =0.0948X —0.9653 LOGeY =0.1110X —2.2948 Y=-0.5042X +24.1629
Point2 ! Point2 1 Point2 1
LOGeY =0.0948X —1.1926 LOGeY =0.1110X —2.6530 Y =—0.5042X -+25.3929
Point1 | Point1 | Point1 |
* Note; Y=(MST, TFR, TTR)

X =TBI (Temperature Before Water Immersion)
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Table3 Experimental conditions
Non. slp.
Morning Afternoon Evening
Subj. No. | Temp. (C) | 1Y I?%d)i Y| Temp. ¢o) | HY %i YY1 Temp. ¢y [TV Ig%d)‘ ty
1 24.2 72 26.0 79 22.7 90
2 23.2 51 23.7 48 23.3 50
3 24.3 59 23.0 50 23.4 60
4 24.2 72 26.0 69 22.7 90
5 24.5 85 26.3 75 22.7 9
6 23.4 59 23.9 79 23.5 67
7 23.4 59 23.9 79 23.5 67
mean 23.89 65.3 24.69 67.0 23.11 74.0
std. 0.53 11.6 1.36 13.0 0.39 17.2
8hr. slp.
Morning Afternoon Evening
Subj. No. | Temp. C) | 1Y ‘?,/f)i Y\ Temp. o) | HY ’(‘(‘%d)‘ | Temp. 0y | Y ”(‘},/Si ty
1 23.8 62 23.5 43 23.0 60
2 23.8 72 23.5 43 23.0 60
3 24.2 73 25.0 70 24.0 83
4 24.2 73 25.0 70 24.0 83
5 24.4 71 24.8 53 24.3 75
6 24.0 80 24.0 75 23.2 82
7 24.0 80 24.0 75 23.2 82
mean 24.06 71.6 24.26 61.3 23.53 75.0
std. 0.22 7.4 0.67 14.5 0.55 10.6




— 208 —

RN, RTS8~ 9ROz H D, KRERR
DHEREIL, Wbw3, TFoRD DEELN AT
BDErnZ k5, La L HERIREERE, F97.71
B &, IZIZARERO B ERRFHMTH 5 8 Kl
MRIRCIL TH b, SR EsEmEEEsAE
TEHRASNED DT,

2) EEEAMPORESRM

£33, AERHMFOREREOHERR %
RLIzbDTH B, FECHTZERE, bl
CHBL TWwa i, EREXOPELEES
I3 ZEp% <, BICERIZEL TEmINEE
L& 2 o2 &8T5, HnoBIZ
i, BOHIBOEREZ, HEUCERDORELERT
2~3ClErEVwAb b -7, —HEER, AT
koTH, $HATL D DEEIRAS L
2%, SEOEREGOEBEEAN T, FHE
B2 2BEBRIZLEAYRVLDEEL NS,

3) 8 EEFSERARE I BT 2 BuHE o IEIR

Mz HIE BT D ER SR

BHMRE I S IR 2 & 58-Iy %
BIREER LI ODBRLITHE, ThEisrTh
5 &5, REBROWEERR, TETET12R
DB T 2BEN DL TWE LR, F411
F0TMETIE, BAENEVLEFI D4

#HHehtz, £7-Subj. 3,41, B SREL-
LoD, PMREEFELrEEZICHLTRRVWEEZT
WBY, HMIOBRECB VTR, TEZLLPR
BEnEEZTwdRY, SASHOFBRERLT
W3,

%7, WEHIORSBERTHS 255 L, 8
DOHETE, BREZORETHLZILbH->T
», BEIRE &b 8 RFEARE b IRFEH R
FOsR < EE L, SERRIEARG L WIRE L HE VIR
KRBz ERIASNRVY, BOHERRS E,
Z LA EDOHEIRESHTIREBOIRTEDIE D 25 8 I
FOMEIRGE & 0 v A ERECH o T —H, ®
DHEFE BT HBOHED Z LRk, WiR
HORETEDIES 25800, BL Y ZZ0END
7% < R BIEASEED &,

4) IBEREE & ERRER

wk (0°C) FUcFRZ2RBERE L BOEE

BEEELDLE, BBErRERLLT, RO 3

DONY — BB IR, TREhOREN LY
WEOEEH & 7 NG T 2 ERROEH 2 X
ALl bDH, M8~11TH5s, Thbb, 12
1%, B48 (Subj.3) MUK 9 (Subj.b5) WxRT &
3z, FiZ, —EbLEDEVLrULE TRBICTE
FEMET LR LERL, 20%bE v EER L
BTFREPEDIEIRWSY — > (LIEType 1 & 1

Table4 Sleeping conditions after &), 72, K10 (Subj.2) KRT LI, ZWE
8-hour sleep on each WIMERIGHFIR L8, v YBEEZ LET
subject. Beos 2 [IE CEBE S NS SF — > (B Type 2k

Sub. No. | (1BfF& | (20BERE | QM8 = &), ZLTH 5 120, K11 (Subj.6) 2RT

1 -1 0 -1 ko, Fi, HENEETORERE NV
2 0 0 -3 MNEL, FHC ERETREREVEL, FLLT,
; I A - BEAIHO RSN E RIS TR L T OB & )
5 0 -1 —1 b, BER, BBBIIBWT, BEENMETT 245
6 -2 0 0 EWnH B NY -2 (LEType 3EFESR) D 3
7 0 —1 0 DAL TE 3, 2D b, Type LIk DV T,

Table5 Sensation of sleepiness before experiment on each subject.

Morning Afternoon Evening
Sub. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.

1 +2 + 2 + 3 + 1 + 2 + 2

2 0 +1 + 1 0 + 1 0

3 +3 +3 +3 + 2 + 2 +1

4 + 2 +1 +1 0 o +1 0

5 +1 + 2 0 0 0 +1

6 +1 0 +1 +1 +1 +1

7 +1 +1 + 2 0 +1 0
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Table6  The results of TBI (°C)
Morning Afternoon Evening |
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 34.98 33.84 34.97 33.94 33.86 33.43
2 30.54 34.01 34.15 33.81 33.98 34.39
3 32.79 33.85 33.43 34.05 33.16 34.11
4 33.68 34.21 34.83 35.27 34.54 32.42
5 30.96 33.39 35.23 33.17 33.02 33.39
6 34.32 35.01 34.87 35.01 34.73 35.03
7 33.68 34.5 34.86 33.41 3.79 34.44
mean 32.99 34.12 34.62 34.09 34.01 33.80 |
std. 1.68 0.52 0.62 0.78 0.72 0.87
Significant difference
Non slp. Morning-Afternoon p<0.05
Table7 The results of MST (°C)
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 8.14 6.34 7.19 8.33 8.33 6.07
2 7.79 10.51 12.48 11.86 9.93 10.00
3 10.46 6.11 8.08 9.82 6.78 8.43
4 9.84 9.74 10.11 14.04 10.12 6.36
5 1.31 5.13 7.94 5.68 7.97 3.71
6 15.89 15.85 19.41 14.64 15.79 12.69
7 5.65 15.14 7.55 7.09 9.70 14.24
mean 8.44 9.83 10.39 10.21 9.80 8.79
std. 4.15 4.34 4.39 3.44 2.91 3.78
Table8 The results of TFR (°C)
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 1.83 2.47 6.91 3.34 2.91 2.21
2 2.62 4.64 10.09 7.73 4.62 3.9
3 7.57 1.93 1.79 1.75 1.26 2.28
4 6.13 7.13 9.36 5.74 2.4 1.94
5 0.59 2.03 3.02 1.9 1.57 1.54
6 12.67 17.39 23.58 9.6 10.87 7.71
7 1.98 6.78 5.58 3.13 5.69 4.72
mean 4.77 6.05 8.62 4.74 4.90 3.47 |
std. 4.29 5.45 7.27 3.03 3.44 2.19




— 215 —

Table9 The results of TTR (min.).
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp. |
1 10 10 9 9 10 10
2 9 8 8 7 8 8
3 8 1 11 10 11 12|
4 8 8 9 8 7 9
5 13 10 9 10 9 11
6 6 10 5 8 11 8
7 10 8 12 9 10 9
mean 9.14 9.29 9.00 8.71 9.43 9.57
std. 2.19 1.25 2.24 1.11 1.51 1.51
Significant difference
8hr. slp. Afternoon-Evening p<0.02
Table10  The results of AT (°C)
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 9.97 8.31 7.64 7.22 5.83 7.07
2 9.17 11.94 15.34 13.5 10.35 10.57
3 7.44 8.05 10.79 13.17 8.57 10.92
4 7.84 59.4 5.71 16.17 5.45 7.37
5 3.43 4.86 8.15 6.39 10.84 3.96
6 9.28 15.09 16.17 8.62 9.18 11.18
7 5.21 12.99 6.34 7.23 10.76 14.94
mean 7.48 9.60 10.02 10.33 8.71 9.43
std. 2.38 3.81 4.24 3.87 2.26 3.57
Table1l The results of TAI (°C)
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non sip. 8hr. slp. Non slp. 8hr. slp.
1 35.18 33.01 35.04 33.5 32.49 33.07 |
2 32.73 33.86 34.54 34.74 32.41 32.97
3 31.63 34.05 32.38 34.12 32.21 30.33
4 34.35 34.25 35.11 35.05 34.7 32.98
5 24.56 32.45 35.06 33.59 33.25 32.02 |
6 34.37 34.94 35.17 35.04 34.34 34.7
7 30.98 34.44 34.18 34.41 34.31 33.39
mean 31.97 33.86 34.50 34.35 33.39 32.78 |
std. 3.61 0.86 1.00 0.64 1.05 1.34
Significant difference
Non slp. Afternoon-Evening p<0.05
8hr. slp. Morning-Afternoon p<0.05
Afternoon-Evening p<0.02
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Table12 The results of resistance index of frostbite by Yoshimura.
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 7 6 8 7 6 6
2 7 8 8 9 8 7
3 8 6 7 7 5 6
4 8 8 8 8 9 6
5 3 6 7 6 7 4
6 9 8 9 8 8 8
7 6 8 7 7 8 8
mean 6.86 7.14 7.71 7.43 7.29 6.43
std. 1.95 1.07 0.76 0.98 1.38 1.40
Table 13  The results of resistance index of frostbite by Nakamura (3 points).
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 5 6 6 6 6 6
2 7 7 8 8 8 7
3 8 5 5 5 6 6
4 7 7 6 7 7 6
5 3 6 6 5 5 4
6 8 7 8 7 7 7
7 5 8 6 6 6 7
mean 6.14 6.57 6.43 6.29 6.43 6.14
std. 1.86 0.98 1.13 1.11 0.98 1.07
Table14 The results of resistance index of frostbite by Nakamura (5 points).
Morning Afternoon Evening
Subj. No. Non slp. 8hr. slp. Non slp. 8hr. slp. Non slp. 8hr. slp.
1 3 3 6 5 4 3
2 7 8 11 11 8 7
3 11 3 4 5 3 4
4 9 8 7 8 9 4
5 3 3 3 3 4 3
6 13 11 14 10 1 8
7 8 10 5 4 6 8
mean 7.00 6.57 7.14 6.57 6.43 5.29
std. 4.16 3.51 3.98 3.10 2.99 2.29
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