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ABSTRACT

With the deterioration of atmospheric ozone and global warming continuing, 

the risks of exposure to solar UV radiation and heat stress have exacerbated in 

the last decades, and people nowadays have become increasingly familiar 

with the use of protective mechanisms.  The research described in this thesis 

quantitatively investigated the physiological changes in the sunscreen- 

protected vs. -unprotected human skin in response to exposure to solar UV 

radiation and thermal stress.  The skin physiology-based indicators were also 

applied to evaluate the effectiveness of sunscreen rendering protection when 

used in hot and humid areas such as Taiwan.  The physiological indicators 

selected in the study included skin blood flow change (SBFC), transepidermal 

water loss (TEWL), skin temperature, skin moisture, erythema (E-index), and 

melanogenesis (M-index).  Subjective thermal sensation was also gauged, 

using a standardized questionnaire developed by the American Society of 

Heating, Refrigerating, and Air-conditioning Engineers Standard 55.  The 

research was conducted in two successive stages, the first being conducted 

outdoors to evaluate the immediate/prolonged changes in skin physiology of 

the subjects under the sun or in the shadow (the solar UV study) and the 

second to examine the patterns of physiological adjustment in response to 

alteration in thermal microclimate (the exposure chamber study).  In both 

studies, the physiological indicators and thermal sensation of the treatment 

group (using sunscreens) and control group (not using sunscreens) were 

simultaneously assessed to develop dose-response relationships between 

dermal indicators and physical variables and to investigate any variations 

between physiological and psychological indicators, particularly as a result of 



iv

sunscreen application. 

The results of the solar UV study show: SBFC was a physiological 

indicator highly sensitive to change in solar irradiation and microclimatic 

factors, thus serving well as a pre-clinical indicator.  TEWL, skin moisture, 

and E-index well indicated the acute health hazard resulting from short-term 

solar UV irradiation.  TEWL and E-index among all physiological indicators 

best differentiated the efficacy of sunscreen protecting against solar UV 

radiation at a level of UV Index 6 or less.  As observed in the exposure 

chamber study, SBFC, TEWL, and skin temperature responded linearly to the 

alteration in environmental temperature, but less to the influence of relative 

humidity (RH).  In contrast, skin moisture was the only indicator responded 

to influences from both environmental temperature and RH.  Among the 

physiological indicators, skin temperature first changed in response to 

alteration in environmental temperature, and then SBFC increased to circulate 

the excess body heat to skin surface for dissipation.  The skin moisture 

increased next to expel the heat absorbed in skin moisture to the skin surface.  

Once the moisture in the skin saturated, TEWL dramatically rose to evaporate 

water in stratum corneum.  The heat dissipation cycle ended with the skin 

temperature being re-equilibrated with the thermal environment.  As for the 

psychological indicator, the thermal sensation votes (TSVs) of the participants 

were influenced proportionally by alterations in the examined thermal factors, 

particularly the environmental temperature.  The TSV was most significantly 

correlated to skin temperature (R2 > 0.75). 

Keywords: Skin blood flow change, solar UV exposure, sunscreen, skin 

physiological indicator, thermal sensation
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Doppler

(69)

(70) Turnabull et al.(71)

D3 /
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(solar zenith angle, 

SAZ) 5o ( 0.67 W/m2)

D3 D3 (0.20 W/m2)—

D3 37

58% D3

(climatic chamber)

Shapior et al.(72)

(environmental chamber)

Givoni et al.(73)

(

) (74,75,76,77)

20 35oC

30 70% 0.5 m/s
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TEWL

– –

2-1
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2-1
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1.

1)

2)

?

2.

3. ( )

( )

4.
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–

5. ( )

–

6.

7.
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SBFC TEWL skin

moisture skin temperature E-index M-index

–

(does-response relationship) –

(time-course relationship)
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3.1.1

1)SBFC

2)SBFC

3) SBFC

– 4) SBFC

–

5)

6)

8

2 16 10

2

3.1.2

(SBFC

TEWL skin moisture skin temperature E-index M-index)
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( )

1) SBFC

2)

– (dose-response relationships) – (time-course

relationships) 3)

4)

98 8 1 99 7 31

( 98.08.20-2) A

/

15 20 29

a) (22)

(E-index M-index) 1.5

b)



40

(22)

( 12 2 )

14 13 (

6 7 )

( )

( B-1)

B-2

( B-3)
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3.2.1

3-1

(Body Mass Index, BMI)

3.2.2

6

(0%) (1-25%) (26-50%) (51-75%) (76-100%)

3-2

TEWL skin moisture (baseline)

3.2.3
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3-1

(n) 7 7 14 

( ) 24.3 ± 2.7 21.0 ± 1.3 22.6 ± 2.7

( ) 159.7 ± 6.2 161.6 ± 5.3 160.6 ± 5.8

( ) 52.4 ± 5.2 51.6 ± 4.3 52.0 ± 4.8

BMI(kg/m2) 20.5 ± 1.1 19.8 ± 2.0 20.2 ± 1.7

(n) 7 7 14 

( ) 23.4 ± 2.6 21.0 ± 1.3 22.2 ± 2.4

( ) 161.6 ± 4.8 161.6 ± 5.3 161.6 ± 5.0

( ) 54.3 ± 4.1 51.6 ± 4.3 52.9 ± 4.4

BMI(kg/m2) 20.8 ± 1.1 19.8 ± 2.0 20.3 ± 1.7

1
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3-2

( ) ( ) ( )

1.

1

5

1

1

3

3

1

0

4

8

2

1

2.

3

4

1

0

3

3

1

0

6

7

2

0

3. ( )

2

3

3

0

3

3

1

0

5

6

4

0

(0%) (1-25%) (26-50%) (51-75%) (76-100%)
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3-3

1 1-2

2-4 4 1

3 1-2 7 2-4 5 1

8 1-2 6 2-4 1

( 4 4 ) ( 2

3 ) ( 1 0 )

4

SPF 30(

4 1 ) SPF 48( 1 2 )
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3-3 2009

( ) ( ) ( )

1 1
1-2 4
2-4 2

1 2
1-2 3
2-4 2

1 3
1-2 7
2-4 4

1 4
1-2 3
2-4 0

1 4
1-2 2
2-4 1

1 8
1-2 5
2-4 1

2

( ) 1

( ) 4

3

( ) 0

( ) 4

5

( ) 1

( ) 8

(
)

7
� 6
� 0
� 1

0

4
� 5
� 1
� 0

3

11 
� 11
� 1
� 1

1
SPF
� 30 4
� 48 1
� 50 2

PA
� PA+ 1
� PA++ 1
� PA+++ 5

SPF
� 30 1
� 48 2
� 50 1

PA
� PA+ 0
� PA++ 1
� PA+++ 3

SPF
� 30 5
� 48 3
� 50 3

PA
� PA+ 1
� PA++ 2
� PA+++ 8

(
)

†

a > c = d 
†

b > c = d = e 

†

a > e > d 
†

b = c > d > e > f 

†

a > d = e > c 
†

b > c = d > e > f 

5 8

7 7
† a b c d e f
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SPF 50( 2 1 ) PA+( 1 0

) PA++( 1 1 ) PA+++( 5

3 )

( )

( 5 4

) ( 4 2 )

(

B-4)

3.2.4

(5 8 ) ( 7 7

)
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/T-shirt ( 3-4) 9 ( 4

5 ) / /

3.3.1

SBFC Moor VMS-LDF tissue blood flow and 

temperature monitor (Moor Instruments, Devon, UK) TEWL skin

temperature skin moisture Cortex® DermaLab System (Cortex 

Technology, Hadsund, Denmark) TEWL skin temperature

Cortex® DermaLab TEWL probe skin moisture Cortex®

DermaLab flat-head moisture probe E-index M-index

Cortex® DSM II Colormeter (Cortex Technology, Hadsund, Denmark)

3.3.2

CENTER 314 (CENTER 314 

Temperature/Humidity Datalogger, Center Technology Corp., Taipei, Taiwan)

(dry temperature) (relative

humidity) (globe temperature) TSI Model 8386  
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3-4 (

1)

( ) ( )

1. /T-shirt 7

2. 4

1. /T-shirt 7

2. 5

1. / 4

2. / 2

3. 1

1. / 4

2. / 3

a.1. 7 a.1. 5

a.2. 1

a.3. 1

b.1. 6

b.2. 1

b.1. 5

b.2. 1

b.3. 1
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VELOCICALC® Plus Air Velocity Meter (TSI Incorporated, St. Paul, MN, 

USA) (air movement)

(psychrometric chart)(78) (natural wet bulb 

temperature) (79)(Wet-Bulb Globe Temperature, 

WBGT)

3.3.3

3-1

10

40oC ± 0.5oC 30 80% ± 0.5%

15

22 25 28 31 34oC 45 60

75% 28oC 60%

2 m (

3-1(b)) (0.1 m/s)

(0.8 m/s) (1.4 m/s) (2.0 m/s) 3-5

18
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3-1 (a)

(b) (c)

(a)

(b)

(c)
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3-5  18

(%)

22oC 45%

(oC)

(oC)

(%)

22.78

22.22

49.11 

0.34

0.39

1.16

1

2

2

22oC 60%

(oC)

(oC)

(%)

21.86

21.48

60.61

0.75

0.83

2.25

3

4

4

22oC 75%

(oC)

(oC)

(%)

22.22

21.79

74.82

0.31

0.30

1.36

1

1

2

25oC 45%

(oC)

(oC)

(%)

24.90

24.56

47.04

0.57

0.61

1.99

2

2

4

25oC 60%

(oC)

(oC)

(%)

25.06

24.78

59.93

0.31

0.47

0.54

1

2

1

25oC 75%

(oC)

(oC)

(%)

25.02

24.77

72.38

0.38

0.96

5.21

2

4

7

28oC 45%

(oC)

(oC)

(%)

27.99

27.74

45.81

0.64

0.58

1.31

2

2

3

28oC 60%

(oC)

(oC)

(%)

28.06

27.77

45.81

0.64

0.58

1.31

2

2

3
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3-5

(%)

28oC 75%

(oC)

(oC)

(%)

27.87

27.73

74.67

1.35

1.57

1.65

5

6

2

31oC 45%

(oC)

(oC)

(%)

30.97

30.77

45.49

0.39

0.48

1.21

1

2

3

31oC 60%

(oC)

(oC)

(%)

30.93

30.47

59.27

0.87

0.71

4.49

2

3

8

31oC 75%

(oC)

(oC)

(%)

31.03

30.72

74.35

0.31

1.55

2.24

1

5

3

34oC 45%

(oC)

(oC)

(%)

33.63

32.94

45.97

0.70

0.51

1.66

2

2

4

34oC 60%

(oC)

(oC)

(%)

34.04

33.17

59.75

0.70

0.51

1.66

2

2

4

34oC 75%

(oC)

(oC)

(%)

34.12

33.55

73.20

0.32

0.40

2.20

1

1

4
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15

10%

( 3-6)

( 28oC 60%)

47% 16%

33% 14%

27% 37%

3.3.4

30

( ) UVB

SPF 30 UVA PA+++ aqua/water, octocrylene, 

glycerin, alcohol denat, propylene glycol, C12-15 alkyl benzoate, 

drometrizole trisiloxane, cyclohexasiloxane, cyclopentasiloxane, butyl 

methoxydibenzoylmethane, ethylhexyl triazone, titanium dioxide, 

ethylhexylglycerin, triethanol amine, acrylates/C10-30 alkyl acrylate 

crosspolymer, dimethiconol, PEG/PPG-18/18 dimethicone, glycine 

soja/soybean oil, tocopherol, pentasodium ethylenediamine tetramethylene 

phosphonate, aluminum hydroxide, stearic acid, vitreoscilla ferment, 

limonene, CI15985/yellow 6, CI16035/red 40, parfum/fragrance

2 g(  450 cm2)
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3-6

(%)

28oC 60%

(oC)

(oC)

(%)

(m/s) 

28.06

27.77

45.81

0.11 

0.64

0.58

1.31

0.05

2

2

3

47

28oC 60%

(oC)

(oC)

(%)

(m/s) 

28.10

28.03

60.26

0.87

0.24

0.29

9.69

0.28

1

1

16

33

28oC 60%

(oC)

(oC)

(%)

(m/s) 

28.11 

28.06

60.42

1.13

0.32

0.36

8.28

0.30

1

1

14

27

28oC 60%

(oC)

(oC)

(%)

(m/s) 

28.14

28.09

60.36

1.24

0.28

0.28

1.06

0.45

1

1

2

37
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3.3.5

(American

Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., 

ASHRAE) Standard 55(80) C

3.4.1

a) T

b)

c) ( )
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WBGT

3-2

( 24.15 120.68 )

( ) ( ) 80

( 3-3) 16 2 ( )

10 12

10

(SBFC TEWL skin temperature

skin moisture E-index M-index)

10 cm ( ) 15 cm

( ) 3-4 SBFC probe 3

120 ( 43 99 )

TWEL skin temperature probe 3

120 ( 30 ) skin

moisture 4 10 E-index M-index

( )

12 2

20
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3-2 (skin blood flow 

change, SBFC) (transepidermal water loss, 

TEWL ) (skin temperature) (skin moisture)

(erythema-index, E-index)

(melanin-index, M-index)

( ) 10

(14 )

SBFC TEWL skin
temperature skin moisture

E-index M-index

( 80 ) 20

SBFC TEWL skin
temperature skin moisture

E-index M-index
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3-3 (a) (b)

(c)

(b)

(c)

(a)
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3-4 A

B

B

A



60

10

20

3.4.2

3.3.3

WBGT

3-5

30

10 cm 15 cm

SBFC TEWL( skin temperature) skin moisture E-index

M-index SBFC probe 120 (
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3-5 (skin blood flow 

change, SBFC) (transepidermal water loss, 

TEWL ) (skin temperature) (skin moisture)

(14 )

� ( 22 25
28 31 34oC 45 60 75%)

� ( 28oC 60%
0.1 m/s 0.8 m/s

1.4 m/s 2.0 m/s 

30

SBFC TEWL skin
temperature skin moisture
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43 99 ) TWEL skin temperature

probe 120 (

30 ) skin moisture 4 10

3.4.3

98 (7 9 ) (UVI)

(81)

(

24.08 120.40 ) UVB 100

J/m2/hr 98 7 9 UVI D

(irradiance)

� ��
MeasureCurrent

Measurest
HourlyUV ExposureofWeightUVIadiance

1

)(Irr        (Eq.3-1) 
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Eq.3-1 UVIHourly

7 6

( 11 7-8 8-9 9-10

10-11 11 12 12 1

1-2 2-3 3-4 4-5 5-6

)

7-8 7 8

Weight of Exposure

( ) 0, 1, 2, 3, 4, 5

10 10-20 20-30 30-40

40-50 50-60 IrradianceUV (100 J/m2/hr)

7

3.5.1

( )

( ) ( )

( )



64

UVI( ) irradiance( ) WBGT

(scatter plot)

WBGT (linear regression 

equation)

- U (Mann-Whitney U test)(82)

(p-value < 0.05)

SBFC TEWL skin temperature skin moisture E-index

M-index

UVI irradiance WGBT

1) (correlation analysis)

(Spearman’s rank test correlation coefficient, rs)

2)

(coefficient of determination, 

R2)
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(Thermal Sensation 

Vote, TSV) TSV

TSV

1)

2)

(multiple regression 

analysis) (

)

(polynomial 

multiple linear regression equations) (multiple correlation 
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coefficient) (coefficient of multiple determination)

(adjusted coefficient of multiple determination)

(collinearity diagnostics)

(multi-collinearity)

(variance inflation 

factor, VIF) 10

(degressed)

(standardized multiple regression equations)

(

)

(stepwise regression)

3.5.2

( )

( )
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(two-way ANOVA) (

)

(one-way ANOVA)

( )

(Scheffé’s multiple-comparisions procedure)(83) (

) ( ) ( )

WBGT WBGT

student’s t

(student’s t tests)

SBFC TEWL skin temperature skin moisture
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1) (Pearson product moment correlation 

coefficient, rp)

2)

TSV

WBGT

TSV

1)

2)
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10

(

)

3.5.3

WBGT

WBGT
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(Wilcoxon signed-rank test)(84)
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(

) ( )

(WBGT) SBFC

TEWL skin temp skin moisture E-index M-index

4.1.1

4-1 4-2 ( (a)) (

(b)) (

perfusion unit, PU) ( )

( 4-1)

( 4-2) (10 ) UVI

SBFC SBFC

3-112 PU

UVI ( )
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4-1 ( ) (skin blood 

flow change, SBFC) (UVI)

(a) ( ) (b) (

)

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
0

20

40

60

80

100

120

y = 0.27x + 20.41
R2 < 0.01

(b)

1 2 3 4 5 6 7 8 9

SBFC (PU)

0

20

40

60

80

100

120
y = 0.57x + 28.53
R2 < 0.01

(a)
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4-2 ( ) (skin blood 

flow change, SBFC) (UVI)

(a) ( ) (b) (

)

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
0

20

40

60

80

100

120
y = 0.27x + 20.41
R2 < 0.01

(b)

1 2 3 4 5 6 7 8 9

SBFC (PU)

0

20

40

60

80

100

120
y = 0.57x + 28.53
R2 < 0.01

(a)
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4-1 4-2 SBFC UVI

SBFC UVI

y = 0.57x + 25.83   R2 < 0.01          (Eq. 4-1) 

SBFC UVI

y = 1.51x + 17.10   R2 = 0.03          (Eq. 4-2) 

SBFC UVI

y = 1.77x + 20.13   R2 = 0.03          (Eq. 4-3) 

SBFC UVI

y = 0.27x + 20.41   R2 < 0.01          (Eq. 4-4) 

Mann-Whitney U test(82) ( )

SBFC p-vaule = 0.290

SBFC p-vaule = 0.031 (p-vaule < 0.05)

( )

SBFC

4-3 4-4 UVI (7) / /

4-3 SBFC(

) / UVI / UVI

4-4 SBFC / UVI
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4-3 ( ) (skin blood 

flow change, SBFC) / /

(UVI) (a) ( ) (b)

( )

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
0

20

40

60

80

100

120
y1 = 0.93x + 23.55, R2 < 0.01

y2 = -0.68x + 36.35, R2 < 0.01
(b)

1 2 3 4 5 6 7 8 9

SBFC (PU)

0

20

40

60

80

100

120

y = 0.20x + 30.19, R2 < 0.01
y = 2.42x + 15.78, R2 =0.01 (a)

UVI (y1) UVI SBFC
UVI (y2) UVI SBFC



76

4-4 ( ) (skin blood 

flow change, SBFC) / /

(UVI) (a) ( ) (b)

( )

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9

0

20

40

60

80

100

120
y1 = 0.82x+ 18.16 , R2 < 0.01

y2 = -0.79x+ 27.63, R2 < 0.01
(b)

1 2 3 4 5 6 7 8 9

SBFC (PU)

0

20

40

60

80

100

120

y = 1.61x + 17.06, R2 = 0.01
y = 6.30x - 16.90, R2 = 0.12

(a)

UVI (y1) UVI SBFC
UVI (y2) UVI SBFC
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/ UVI SBFC / UVI

SBFC /

UVI (

) ( )

( ) SBFC

SBFC

SBFC

SBFC

SBFC

SBFC UVI ( 4-3 4-4)

SBFC / UVI

y = 0.20x + 30.19   R2 < 0.01          (Eq. 4-5) 

SBFC / UVI

y = 2.42x + 15.78   R2 = 0.01          (Eq. 4-6) 

SBFC / UVI

y = 1.61x + 17.06   R2 = 0.01          (Eq. 4-7) 

SBFC / UVI

y = 6.30x – 16.90   R2 = 0.12          (Eq. 4-8) 
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SBFC / UVI

y = 0.93x + 23.55   R2 < 0.01          (Eq. 4-9) 

SBFC / UVI

y = -0.68x + 36.35   R2 < 0.01         (Eq. 4-10) 

SBFC / UVI

y = 0.82x + 18.16   R2 < 0.01         (Eq. 4-11) 

SBFC / UVI

y = -0.79x + 27.63   R2 < 0.01         (Eq. 4-12) 

Eqs. 4-1 4-12 SBFC

SBFC /

/

SBFC

( ) SBFC

4-1 4-2

SBFC 4-1
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4-1

(skin blood flow change, SBFC)

a b

SBFC
/ p-value

0706 34.79 ± 24.01 24.20 ± 11.75 2.01 ± 2.01 0.475 
0716 27.94 ± 7.82 26.79 ± 8.39 1.14 ± 0.47 0.949 
0720 39.30 ± 7.40 41.66 ± 19.33 1.15 ±0.54 0.848 
0723 38.29 ± 12.04 38.42 ± 10.58 1.13 ± 0.55 0.775 
0727 37.54 ± 17.83 32.83 ± 16.16 1.45 ± 1.02 0.482 
0730 27.50 ± 10.32 24.27 ± 8.72 1.29 ± 0.69 0.655 
0806 37.09 ± 20.33 30.39 ± 9.97 1.41 ± 1.07 0.701 
0813 22.87 ± 8.08 36.87 ± 13.67 0.70 ± 0.33 0.063 
0817 38.09 ± 5.36 28.03 ± 18.41 2.21 ± 1.53 0.063 
0820 37.06 ± 31.77 26.16 ± 11.89 1.78 ± 1.89 0.655 
0824 25.67 ± 11.72 28.17 ± 4.54 0.94 ± 0.40 0.701 
0827 23.91 ± 7.83 25.73 ± 6.95 0.99 ± 0.40 0.338 
0831 24.30 ± 11.41 23.30 ± 13.82 1.47 ± 1.18 0.848 
0903 28.49 ± 15.39 27.34 ± 9.91 1.15 ± 0.71 0.848 
0907 30.11 ± 6.38 21.11 ± 6.99 1.65 ± 0.88 0.055 

SBFC
/ p-value

0706 25.29 ± 10.33 19.12 ± 9.21 1.48 ± 0.71 0.116 
0716 25.41 ± 9.94 20.40 ± 6.16 1.37 ± 0.71 0.565 
0720 32.17 ± 9.51 40.19 ± 26.89 1.18 ± 0.73 0.949 
0723 35.39 ± 8.31 21.90 ± 9.01 1.96 ± 0.92 0.063 
0727 21.17 ± 12.02 21.80 ± 11.20 1.37 ± 1.26 0.749 
0730 31.39 ± 20.94 19.83 ± 8.31 1.87 ± 1.56 0.180 
0806 25.79 ± 22.34 18.10 ± 6.05 1.62 ±1.62 0.949 
0813 26.62 ± 8.72 16.27 ± 7.10 2.03 ± 1.23 0.046 c

0817 29.69 ± 9.47 21.97 ± 8.82 1.51 ± 0.81 0.253 
0820 24.06 ± 11.35 28.59 ± 10.39 0.96 ± 0.52 0.443 
0824 20.84 ± 5.42 21.86 ± 4.54 0.99 ± 0.58 0.443 
0827 19.63 ± 14.26 28.31 ± 10.75 0.79 ± 0.37 0.096 
0831 21.40 ± 3.97 17.89 ± 6.36 1.46 ± 1.40 0.749 
0903 14.26 ± 3.97 15.50 ± 5.28 1.00 ± 0.38 0.749 
0907 26.10 ± 7.44 14.59 ± 8.68 2.96 ± 2.65 0.035 c

a Mean ± SD 
b SBFC Mann-Whitney U test(82)

c p-value < 0.01
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4-2

(skin blood flow change, SBFC)

a b

SBFC
/ p-value

0706 40.81 ± 12.35 32.95 ± 11.95 1.61 ± 0.84 0.253 
0716 22.48 ± 8.80 40.57 ± 22.48 1.29 ± 0.75 0.848 
0720 86.71 ± 50.86 51.81 ± 15.19 1.85 ± 1.32 0.064 
0723 37.97 ± 10.71 30.90 ± 9.83 1.20 ± 0.50 0.253 
0727 35.57 ± 11.96 33.83 ± 15.70 1.27 ± 0.69 0.655 
0730 23.04 ± 7.31 35.79 ± 29.69 0.94 ± 0.56 0.406 
0806 86.91 ±49.12 43.06 ± 12.54 2.19 ± 1.43 0.025 c

0813 34.37 ± 9.66 34.87 ± 15.95 1.16 ± 0.52 0.775 
0817 63.31 ± 20.86 55.85 ± 15.48 1.23 ± 0.89 0.886 
0820 48.23 ±24.27 33.49 ± 9.71 1.56 ± 0.91 0.482 
0824 47.33 ± 14.97 41.60 ± 16.49 1.37 ± 0.78 0.565 
0827 52.51 ± 16.67 39.54 ± 18.63 1.68 ± 0.99 0.225 
0831 49.31 ± 19.15 37.39 ± 17.45 1.58 ± 0.93 0.180 
0903 47.19 ± 22.45 42.46 ± 27.55 1.45 ± 0.93 0.338 
0907 44.24 ± 13.35 35.07 ± 10.67 1.42 ± 0.72 0.406 

SBFC
/ p-value

0706 34.09 ± 23.52 36.17 ± 9.86 1.13 ± 0.87 0.252 
0716 33.05 ± 5.49 24.59 ± 9.12 1.55 ± 0.63 0.064 
0720 72.97 ± 25.88 48.81 ± 17.02 1.69 ± 0.88 0.085 
0723 32.17 ± 9.34 37.87 ± 15.09 1.05 ± 0.68 0.391 
0727 32.46 ± 17.12 36.20 ± 14.61 1.12 ± 0.90 0.565 
0730 18.94 ± 4.03 28.97 ± 14.48 0.86 ± 0.50 0.338 
0806 40.37 ± 20.88 40.09 ± 16.19 1.15 ± 0.73 0.949 
0813 30.78 ± 11.58 24.67 ± 10.78 1.50 ± 0.85 0.391 
0817 49.24 ± 22.45 32.50 ± 10.53 1.43 ± 0.77 0.199 
0820 30.87 ± 11.01 33.90 ± 12.82 1.01 ± 0.45 0.949 
0824 38.27 ± 6.46 33.77 ± 17.45 1.52 ± 0.91 0.406 
0827 33.34 ± 16.22 26.64 ± 8.67 1.39 ± 0.85 0.749 
0831 34.61 ± 9.94 27.70 ± 8.34 1.36 ± 0.57 0.180 
0903 30.94 ± 13.17 31.40 ± 1.16 1.12 ± 0.65 1.000 
0907 27.44 ± 8.13 29.79 ± 10.19 1.05 ± 0.50 0.482

a Mean ± SD 
b SBFC Mann-Whitney U test(82)

c p-value < 0.01
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SBFC 8

20 24 27

8 13

9 7 SBFC

(p-value = 0.046 0.035) SBFC

4-2

SBFC 7 30

SBFC

7 30

8 6 SBFC

(p-value = 0.025) 16

Mann-Whitney U test(82) SBFC

SBFC

(p-vaule = 0.290) SBFC

(p-vaule = 0.031)

SBFC

(p-vaule = 0.003) (

)SBFC (p-vaule = 0.443)
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( ) SBFC (

) SBFC

( )

SBFC

( 4.1.5 4.1.6 )

—

4-5 4-6

( 10 )

(WBGT) 4-7 4-8

( 20 ) WBGT

SBFC

3-112 PU SBFC 11-123 

PU Mann-Whitney U test(82)

SBFC
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4-5 ( )

(skin blood flow change, SBFC)

(WBGT) (a) ( ) (b)

( )

WBGT (oC)
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y = -1.75x + 85.15
R2 = 0.03
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4-6 ( )

(skin blood flow change, SBFC)

(WBGT) (a) ( ) (b)

( )

WBGT (oC)
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y = -0.88x + 52.16
R2 = 0.01
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4-7 ( )

(skin blood flow change, SBFC)

(WBGT) (a) ( ) (b)
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4-8 ( )

(skin blood flow change, SBFC)
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( )
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SBFC (p-vaule < 

0.001)  (p-vaule < 0.001) (p-vaule

= 0.016) SBFC

WBGT

30

(

2 )

( 4-5 4-6 4-7 4-8)

SBFC WBGT

y = -1.75x + 85.15   R2 = 0.03         (Eq. 4-13) 

SBFC WBGT

y = -0.88 + 52.16   R2 = 0.01         (Eq. 4-14) 
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SBFC WBGT

y = -0.17x + 34.35   R2 < 0.01         (Eq. 4-15) 

SBFC WBGT

y = -0.22x + 28.46   R2 < 0.01         (Eq. 4-16) 

SBFC WBGT

y = -3.67x + 152.42  R2 = 0.02         (Eq. 4-17) 

SBFC WBGT

y = 0.36 + 25.59   R2 < 0.01         (Eq. 4-18) 

SBFC WBGT

y = 1.96x – 17.16   R2 < 0.01         (Eq. 4-19) 

SBFC WBGT

y = -0.32x + 42.27   R2 < 0.01         (Eq. 4-20) 

4-9 4-10

SBFC

WBGT WBGT

SBFC 1 SBFC

WBGT SBFC

( )
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4-9 ( )

(skin blood flow change, SBFC)

(WBGT) ( / ) (a)

( ) (b) ( )

WBGT / WBGT
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4-10 ( )

(skin blood flow change, SBFC)

(WBGT) ( / ) (a)

( ) (b) ( )
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4-9 ( ) 4-10 (

)

SBFC WBGT

4-11 4-12 SBFC

SBFC

(logistic regression) SBFC

(odd ratio, OR) 95% (95%

confidence interval, 95% CI)

4-3 ( )

SBFC 0.997 (95% CI = 

0.978-1.018)

( ) SBFC

1.013 (95% CI = 0.989-1.037)

SBFC

SBFC
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4-11 ( ) (skin blood 

flow change, SBFC) (irradiance)

(a) ( ) (b) (

)

Irradiance (100 J/m2/hr)
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4-12 ( ) (skin blood 

flow change, SBFC) (irradiance)
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4-3 Logistic regression /

(skin blood flow change, SBFC) ( crude 

OR adjusted OR 95% 95% CI)a

Crude OR 95% CI Adjusted OR 95% CI 

( ) SBFC

     
 1.000 — 1.000 — 
 1.012 0.993-1.031 0.997 0.978-1.018 

( ) SBFC

     
 1.000 — 1.000 — 
 1.023 0.999-1.047 1.013 0.989-1.037 

a n = 224
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4-13 4-14

TSV ( )SBFC 4-13

TSV SBFC

TSV SBFC

4-14 TSV

SBFC

SBFC

4.1.2

4-15 4-16

(TEWL) ( )

(10 ) UVI TEWL

TEWL 10-120 g/m2/hr

TEWL
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4-13 ( )

(thermal sensation vote,TSV) (skin

blood flow change, SBFC) (a) (

) (b) ( )

(a)

8 16 24 32 40 48 56 64 72 80 88 96 104 112 120

TSV
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(b)

SBFC (PU)

8 16 24 32 40 48 56 64 72 80 88 96 104 112 120

-3

-2

-1

0

1

2

3
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4-14 ( )

(thermal sensation vote,TSV) (skin

blood flow change, SBFC) (a) (

) (b) ( )

SBFC (PU)
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R2 < 0.01
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y = 0.01x + 0.56
R2< 0.01

(a)
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4-15 ( )
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4-16 ( ) (transepidermal

water loss, TEWL) (UVI)
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( )

( ) TEWL UVI

TEWL ( )

( 4-15 4-16)

TEWL UVI

y = 2.63x + 36.67   R2 = 0.02         (Eq. 4-21) 

TEWL UVI

y = 2.42x + 45.71   R2 = 0.01         (Eq. 4-22) 

TEWL UVI

y = 6.64x + 32.78   R2 = 0.13         (Eq. 4-23) 

TEWL UVI

y = 8.17x + 36.75   R2 = 0.17         (Eq. 4-24) 

Mann-Whitney U test(82) TEWL

UVI

TEWL (p-vaule < 0.001) TEWL
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(p-vaule < 0.001)

TEWL

UVI (7) / / ( 4-17

4-18)

TEWL UVI

(

) (UVI 6)

( 4-17 4-18)

TEWL / UVI

y = 4.69x + 28.56   R2 = 0.04         (Eq. 4-25) 

TEWL / UVI

y = 10.31x – 20.04   R2 = 0.07         (Eq. 4-26)  

TEWL / UVI

y = 7.12x + 26.04   R2 = 0.06         (Eq. 4-27) 

TEWL / UVI

y = 3.36x + 33.96    R2 < 0.01          (Eq. 4-28) 
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4-17 ( )
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1 2 3 4 5 6 7 8 9

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150
y = 11.90x + 11.86
R2 = 0.18
y = 0.95x + 67.15
R2 < 0.01

(b)

1 2 3 4 5 6 7 8 9

TEWL (g/m2/hr)

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150
y = 4.69x + 28.56
R2 = 0.04
y = 10.31x - 20.04
R2 = 0.07

(a)

UVI (y1) UVI TEWL
UVI (y2) UVI TEWL



103

4-18 ( ) (transepidermal

water loss, TEWL) / / (UVI)
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TEWL / UVI

y = 11.90x + 11.86   R2 = 0.18         (Eq. 4-29) 

TEWL / UVI

y = 0.95x + 67.15   R2 < 0.01         (Eq. 4-30) 

TEWL / UVI

y = 15.93x + 6.03   R2 = 0.27         (Eq. 4-31) 

TEWL / UVI

y = 6.42x + 40.61    R2 = 0. 04          (Eq. 4-32)

Eqs. 4-21 4-32 TEWL

TEWL

/ TEWL

4-4

TEWL 7 9 20 8 6

TEWL 7 9 20 8 6 17

7 27 8 27 9 7

TEWL (p-valu 0.035)

8 13 27 31 9 7
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4-4

(transepidermal water loss, TEWL)

a b

TEWL
/ p-value

0706 61.18 ± 24.92 71.48 ± 6.72 0.50 ± 0.41 0.317 
0716 57.25 ± 16.88 52.25 ± 15.33 1.26 ± 0.43 0.475 
0720 40.95 ± 16.71 61.52 ± 20.45 0.78 ± 0.53 0.064 
0723 52.12 ± 20.98 52.99 ± 20.91 1.39 ± 1.37 0.949 
0727 39.32 ± 16.43 57.40 ± 16.48 0.69 ± 0.27 0.153 
0730 38.08 ± 12.07 61.27 ± 19.06 0.71 ± 0.37 0.035c

0806 35.93 ± 12.82 50.63 ± 12.71 0.82 ± 0.45 0.142 
0813 20.13 ± 5.26 25.66 ± 12.71 1.14 ± 0.99 0.338 
0817 52.50 ± 23.18 82.44 ± 26.28 0.72 ± 0.43 0.063 
0820 60.63 ± 22.81 67.63 ± 12.22 0.95 ± 0.41 0.475 
0824 49.16 ± 17.88 54.17 ± 15.06 0.97 ± 0.44 0.406 
0827 73.57 ± 26.35 89.15 ± 14.90 0.85 ± 0.35 0.338 
0831 51.70 ± 18.64 75.37 ± 21.38 0.77 ± 0.42 0.035 c

0903 56.96 ± 17.49 71.36 ± 20.44 0.87 ± 0.38 0.225 
0907 68.18 ± 23.89 96.40 ± 22.91 0.76 ± 0.35 0.116 

TEWL
/ p-value

0706 79.04 ± 24.92 80.98 ± 10.42 0.94 ± 0.35 0.886 
0716 55.02 ± 22.42 60.62 ± 21.48 1.16 ± 0.75 0.317 
0720 44.08 ± 20.19 67.51 ± 22.13 0.76 ± 0.53 0.110 
0723 56.76 ± 23.74 64.71 ± 25.50 1.44 ± 1.80 0.565 
0727 42.25 ± 23.95 72.65 ± 16.77 0.54 ± 0.32 0.086 
0730 50.60 ± 21.08 72.47 ± 10.07 0.71 ± 0.32 0.085 
0806 43.35 ± 20.38 66.51 ± 17.78 0.74 ± 0.53 0.064 
0813 24.07 ± 34.49 27.56 ± 12.72 1.25 ± 1.31 0.406 
0817 53.80 ± 19.90 88.87 ± 20.76 0.64 ± 0.29 0.032 c

0820 72.55 ± 34.49 68.75 ± 18.00 1.08 ± 0.67 0.568 
0824 56.92 ± 23.67 68.72 ± 18.57 0.88 ± 0.41 0.749 
0827 97.14 ± 22.76 96.45 ± 13.97 0.92 ± 0.28 0.565 
0831 54.08 ± 26.79 86.18 ± 11.51 0.67 ± 0.40 0.048 c

0903 62.69 ± 23.67 86.68 ± 11.51 0.74 ± 0.29 0.048 c

0907 81.01 ± 25.87 103.08 ±27.78 0.86 ± 0.42 0.085 
a Mean ± SD 
b TEWL Mann-Whitney U test(82)

c p-value < 0.05 
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TEWL (p-value = 0.032 0.048

0.048 0.018) 4-5

TEWL 7 9 16 23 27

8 13 17 20 31

TEWL 7 16

23 8 6 13 31 9 7

9 3

TEWL (p-value = 0.018)

7 20 23 8 20

9 3 TEWL (p-value

= 0.006 0.025 0.048 0.025)

Mann-Whitney U test(82) TEWL

TEWL

(p-vaule < 0.001) TEWL

(p-vaule < 0.001)

4-19 4-20 TEWL
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4-5

(transepidermal water loss, TEWL)

a b

TEWL
/ p-value

0706 21.52 ± 15.17 28.72 ± 11.42 0.96 ± 0.78 0.317 
0716 27.87 ± 15.90 34.79 ± 13.16 1.14 ± 0.90 0.568 
0720 23.00 ± 14.21 26.17 ± 12.96 1.15 ± 1.02 0.565 
0723 16.62 ± 7.90 25.80 ± 8.54 0.78 ± 0.63 0.085 
0727 20.13 ± 12.18 23.98 ± 12.71 1.35 ± 1.27 0.475 
0730 15.62 ± 5.88 23.96 ± 13.89 1.26 ± 1.41 0.338 
0806 15.59 ± 8.27 22.69 ± 10.48 0.98 ± 0.98 0.277 
0813 8.89 ± 3.86 14.65 ± 7.90 0.82 ± 0.59 0.110 
0817 16.53 ± 12.30 19.61 ± 10.83 1.07 ± 0.98 0.253 
0820 24.55 ± 12.57 24.11 ± 10.34 1.28 ± 0.98 0.886 
0824 23.45 ± 13.90 24.96 ± 8.58 1.07 ± 0.79 0.655 
0827 16.77 ± 6.54 23.67 ± 9.94 0.85 ± 0.51 0.142 
0831 18.26 ± 7.87 27.07 ± 7.58 0.74 ± 0.40 0.110 
0903 15.47 ± 7.98 19.64 ± 9.94 1.03 ± 0.79 0.482 
0907 15.68 ± 6.86 31.57 ± 11.20 0.57 ± 0.34 0.018 c

TEWL
/ p-value

0706 26.43 ± 15.63 32.96 ± 11.48 0.98 ± 0.80 0.391 
0716 23.13 ± 16.60 45.71 ± 8.41 0.68 ± 0.41 0.022 
0720 22.53 ± 14.77 28.79 ± 13.34 1.06 ± 1.09 0.406 
0723 16.77 ± 8.74 35.81 ± 6.28 0.48 ± 0.27 0.006 c

0727 23.24 ± 16.11 29.85 ± 16.14 1.20 ± 1.37 0.391 
0730 16.72 ± 10.40 33.02 ± 10.07 0.56 ± 0.42 0.025 c

0806 18.99 ± 13.30 28.09 ± 13.02 0.82 ± 0.70 0.110 
0813 10.68 ± 8.15 12.24 ± 4.54 1.03 ± 0.95 0.406 
0817 21.45 ± 11.43 22.71 ± 8.62 1.12 ± 0.83 0.668 
0820 23.38 ± 13.86 28.70 ± 11.48 0.90 ± 0.74 0.568 
0824 18.17 ± 8.68 35.58 ± 14.41 0.62 ± 0.42 0.048 c

0827 20.08 ± 11.42 28.56 ± 10.38 0.82 ± 0.62 0.225 
0831 23.62 ± 16.64 34.09 ± 11.98 0.81 ± 0.70 0.225 
0903 17.24 ± 8.66 18.31 ± 12.64 1.35 ± 1.02 0.848 
0907 20.91 ± 9.72 38.70 ± 8.85 0.57 ± 0.30 0.025 c

a Mean ± SD 
b TEWL Mann-Whitney U test(82)

c p-value < 0.05 
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4-19 ( )

(transepidermal water loss, TEWL)

(WBGT) (a) ( ) (b)
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4-20 ( )

(transepidermal water loss, TEWL)

(WBGT) (a) ( ) (b)
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R2 = 0.11
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( 10 ) WBGT

4-21 4-22 TEWL

( 20 ) WBGT

TEWL 10-120 g/m2/hr

TEWL 1-60 g/m2/hr

4-19 4-20 TEWL WBGT

4-17 4-18(TEWL UVI )

TEWL

TEWL WBGT

TEWL WBGT

TEWL

Mann-Whitney U test(82)

TEWL

( p-vaule = 0.067

p-vaule = 0.456)

TEWL (

p-vaule = 0.003 p-vaule = 0.016)

TEWL
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4-21 ( )

(transepidermal water loss, TEWL)
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4-22 ( )

(transepidermal water loss, TEWL)
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( ) TEWL

TEWL WBGT

( 4-21 4-22)

TEWL WBGT

y = 3.00x – 40.75   R2 = 0.04         (Eq. 4-33) 

TEWL WBGT

y = 5.71 – 115.74   R2 = 0.11         (Eq. 4-34) 

TEWL WBGT

y = 4.48x – 71.29   R2 = 0.10         (Eq. 4-35) 

TEWL WBGT

y = 8.72x – 191.26   R2 = 0.33         (Eq. 4-36) 

TEWL WBGT

y = 0.28x + 10.56      R2 < 0.01         (Eq. 4-37) 

TEWL WBGT

y = 0.54+ 4.79       R2 < 0.01         (Eq. 4-38) 
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TEWL WBGT

y = 1.22x – 10.53    R2 = 0.01         (Eq. 4-39) 

TEWL WBGT

y = 1.08x – 1.56    R2 < 0.01         (Eq. 4-40) 

4-23 4-24

TEWL

WBGT WBGT

9 1 TEWL

TEWL WBGT WBGT

(TEWL WBGT )

TEWL

4-25 4-26 TEWL

TEWL

( )

(logistic regression) TEWL

(odd ratio, OR) 95% (95%

confidence interval, 95% CI)
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4-23 ( )

(transepidermal water loss, TEWL)

(WBGT) ( / ) (a)

( ) (b) ( )

WBGT / WBGT
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4-24 ( )

(transepidermal water loss, TEWL)

(WBGT) ( / ) (a)

( ) (b) ( )

WBGT / WBGT
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(a)



117

4-25 ( )

(transepidermal water loss, TEWL)

(irradiance) (a) ( ) (b)

( )

Irradiance (100 J/m2/hr)
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(b)
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4-26 ( ) (transepidermal

water loss, TEWL) (irradiance)

(a) ( ) (b) (

)

Irradiance (100 J/m2/hr)
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y = 0.01x + 65.06
R2 = 0.12 (b)
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4-6 ( )

TEWL 0.980 (95% CI = 

0.968-0.992)

( ) TEWL

0.946 (95% CI = 0.925-0.968) /

TEWL

4-27 4-28

TSV ( )TEWL 4-27

TSV TEWL

TSV TEWL

TEWL

TSV

4-28

( TEWL ) TEWL

( ) TSV

(TSV TEWL )
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4-6 Logistic regression /

(transepidermal water loss, TEWL) ( crude 

OR adjusted OR 95% 95% CI)a

Crude OR 95% CI Adjusted OR 95% CI 

( ) SBFC

     
 1.000 — 1.000 — 
 0.976 0.964-0.987 b 0.980 0.968-0.992 b

 ( ) SBFC

     
 1.000 — 1.000 — 
 0.952 0.933-0.972 b 0.946 0.925-0.968 b

a n = 224
b p-value < 0.05 
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4-27 ( )

(thermal sensation vote,TSV)

(transepidermal water loss, TEWL) (a)

( ) (b) ( )

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136

TSV
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y = - 3.38x + 1.54
R2 < 0.01
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(b)

TEWL (g/m2/hr)

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136
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y = 0.01x - 0.04
R2 = 0.11
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4-28 ( )

(thermal sensation vote,TSV)

(transepidermal water loss, TEWL) (a)

( ) (b) ( )

(a)

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136

TSV
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y = -0.02x + 0.91
R2 = 0.05

(b)

TEWL (g/m2/hr)

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136
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y = 0.01x - 0.09
R2 = 0.03
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4.1.3

4-29 4-30 (skin

temperature) ( ) UVI

(10

) UVI

30-40oC

UVI

( )

( 4-29 4-30)

UVI

y = 0.37x + 35.02   R2 = 0.05         (Eq. 4-41) 

UVI

y = 0.49x + 34.64   R2 = 0.09         (Eq. 4-42) 

UVI

y = 0.69x + 33.21   R2 = 0.14         (Eq. 4-43) 
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4-29 ( ) (skin temperature)

(UVI) (a)

( ) (b) ( )

UVI (100 J/m2/hr) 

1 2 3 4 5 6 7 8 9
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42
y = 0.69x + 33.21
R2 = 0.14 (b)
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y = 0.37x + 35.02
R2 = 0.05

(a)
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4-30 ( ) (skin temperature)

(UVI) (a) (

) (b) ( )

UVI (100 J/m2/hr)  

1 2 3 4 5 6 7 8 9
28
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32
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36

38

40

42
y = 0.82x + 32.89
R2 = 0.21

(b)
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28
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38

40

42
y = 0.49x + 34.64
R2 = 0.09 (a)
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UVI

y = 0.82x + 32.89   R2 = 0.21         (Eq. 4-44) 

Mann-Whitney U test(82) ( )

p-value 0.394

UVI (7) / / ( 4-31 4-32)

4-32 / UVI

/ UVI

UVI ( /

UVI) / UVI

/

UVI / UVI

TEWL
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4-31 ( ) (skin temperature)

/ / (UVI)

(a) ( ) (b) ( )

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
28
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38

40

42

y = 1.46x + 30.23, R2 = 0.32
y = 0.39x + 34.64, R2 = 0.02

(b)
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Skin temp (oC)

28
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38

40

42

y = 1.19x + 31.61, R2 = 0.26
y = -0.71x + 42.41, R2 = 0.05

(a)

UVI (y1) UVI
UVI (y2) UVI
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4-32 ( ) (skin temperature)

/ / (UVI) (a)

( ) (b) ( )

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
28

30

32

34

36

38

40

42

y = 1.68x + 29.48, R2 = 0.37
y = 0.08x + 32.92, R2 = 0.37

(b)

1 2 3 4 5 6 7 8 9

Skin temp (oC)

28

30

32

34

36

38

40

42

y = 1.07x + 32.00, R2 = 0.21
y = -0.62x + 41.26, R2 = 0.05

(a)

UVI (y1) UVI
UVI (y2) UVI
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( 4-31 4-32)

/ UVI

y = 1.19x + 31.61   R2 = 0.26          (Eq. 4-45) 

/ UVI

y = -0.71x + 42.41   R2 = 0.05         (Eq. 4-46) 

/ UVI

y = 1.07x + 32.00   R2 = 0.21         (Eq. 4-47) 

/ UVI

y = -0.62x + 41.26   R2 = 0.21         (Eq. 4-48) 

/ UVI

y = 1.46x + 30.23   R2 = 0.32         (Eq. 4-49) 

/ UVI

y = 0.39x + 34.64   R2 = 0.02         (Eq. 4-50) 

/ UVI

y = 1.68x + 29.48   R2 = 0.37         (Eq. 4-51) 

/ UVI

        y = 0.08x + 32.92   R2 = 0.05         (Eq. 4-52) 

4-7 4-8

4-7
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4-7

(skin temperature) a

b

/ p-value
0706 37.59 ± 1.77 37.43 ± 0.53 1.00 ± 0.05 0.775 
0716 36.08 ± 1.20 36.64 ± 0.84 0.99 ± 0.04 0.153 
0720 35.49 ± 1.07 35.72 ± 2.04 1.00 ± 0.06 0.848 
0723 37.15 ± 2.33 35.46 ± 2.32 1.05 ± 0.10 0.277 
0727 36.26 ± 1.19 36.31 ± 1.11 0.99 ± 0.05 0.886 
0730 36.28 ± 1.38 35.91 ± 0.86 1.01 ±0.05 0.848 
0806 35.67 ± 0.83 35.43 ± 0.77 1.01 ± 0.03 0.482 
0813 32.13 ± 1.07 32.02 ± 0.86 1.00 ± 0.04 0.949 
0817 37.31 ± 1.18 37.94 ± 2.06 0.99 ± 0.07 0.391 
0820 38.38 ± 1.24 36.85 ± 1.43 1.04 ± 0.05 0.032 c

0824 36.38 ± 1.94 35.77 ± 1.73 1.02 ± 0.07 0.482 
0827 39.73 ± 0.46 39.56 ± 0.84 1.00 ± 0.02 0.571 
0831 36.50 ± 0.65 37.40 ± 1.18 0.98 ± 0.03 0.110 
0903 37.39 ± 0.53 37.52 ± 1.45 1.00 ± 0.04 0.949 
0907 39.85 ± 0.28 38.21 ± 1.86 1.05 ± 0.05 0.088 

/ p-value
0706 38.08 ± 1.86 37.44 ± 1.05 1.01 ± 0.06 0.317 
0716 36.64 ± 1.41 36.95 ± 0.80 0.99 ± 0.04 0.391 
0720 36.00 ± 1.62 35.92 ± 1.92 1.00 ± 0.07 0.749 
0723 36.95 ± 2.07 36.29 ± 3.01 1.03 ± 0.10 0.701 
0727 36.99 ± 1.63 36.96 ± 1.85 0.99 ± 0.07 0.775 
0730 36.68 ± 1.51 36.27 ± 0.93 1.01 ± 0.05 0.749 
0806 35.82 ± 0.96 35.40 ± 0.53 1.01 ± 0.03 0.848 
0813 32.05 ± 1.14 31.66 ± 1.06 1.01 ± 0.05 0.655
0817 37.47 ± 1.32 38.00 ± 2.09 0.99 ± 0.07 0.391 
0820 39.39 ± 0.84 37.58 ± 1.38 1.05 ± 0.05 0.040 c

0824 37.07 ± 1.98 35.71 ± 2.10 1.04 ± 0.08 0.180 
0827 39.55 ± 0.69 39.46 ± 1.04 1.00 ± 0.03 0.479 
0831 37.07 ± 1.51 37.79 ± 1.52 0.98 ± 0.06 0.338 
0903 37.21 ± 0.66 37.60 ± 1.56 0.99 ± 0.04 0.848 
0907 39.81 ± 0.45 38.29 ± 1.89 1.04 ± 0.05 0.087 

a Mean ± SD 
b Mann-Whitney U test(82)

c p-value < 0.05



131

4-8

(skin temperature) a

b

/ p-value
0706 33.57 ± 0.29 33.62 ± 0.70 1.00 ± 0.02 0.886 
0716 33.65 ± 0.23 33.79 ± 0.76 0.99 ± 0.02 0.886 
0720 33.27 ± 0.48 33.11 ± 0.83 1.01 ± 0.03 0.482 
0723 32.77 ± 0.21 32.80 ± 0.53 1.00 ± 0.02 0.565 
0727 32.60 ± 0.42 33.20 ± 1.10 0.99 ± 0.03 0.391 
0730 32.84 ± 0.26 32.93 ± 0.28 1.00 ± 0.01 0.482 
0806 32.25 ± 0.35 32.19 ± 0.28 1.00 ± 0.01 0.749 
0813 30.99 ± 0.48 31.17 ± 0.28 0.99 ± 0.02 0.482 
0817 32.74 ± 0.19 32.45 ± 0.25 1.01 ± 0.01 0.046 c

0820 33.00 ± 0.24 33.23 ± 0.76 1.00 ± 0.02 0.775 
0824 32.75 ± 0.42 32.71 ± 0.22 1.00 ± 0.01 0.655 
0827 32.44 ± 0.17 32.52 ± 0.47 1.00 ± 0.02 0.749 
0831 33.50 ± 0.91 32.93 ± 0.36 1.02 ± 0.03 0.180 
0903 32.07 ± 0.37 32.26 ± 0.49 0.99 ± 0.02 0.338 
0907 33.26 ± 0.38 33.59 ± 0.29 0.99 ± 0.01 0.277 

/ p-value
0706 33.95 ± 0.27 33.91 ± 0.99 1.00 ± 0.03 0.475 
0716 33.69 ± 0.29 33.74 ± 0.45 1.00 ± 0.02 0.568 
0720 34.55 ± 0.62 33.83 ± 1.25 1.02 ± 0.04 0.180 
0723 32.74 ± 0.19 32.75 ± 0.62 1.00 ± 0.02 0.406 
0727 32.68 ± 0.34 33.68 ± 1.56 0.98 ± 0.04 0.253 
0730 32.87 ± 0.19 33.13 ± 0.48 0.99 ± 0.02 0.225 
0806 32.38 ± 0.47 32.39 ± 0.34 1.00 ± 0.02 0.655 
0813 30.95 ± 0.35 30.93 ± 0.27 1.00 ± 0.01 0.848 
0817 32.72 ± 0.19 32.47 ± 0.27 1.01 ± 0.01 0.116 
0820 32.99 ± 0.25 33.73 ± 1.31 0.98 ± 0.04 0.199 
0824 32.78 ± 0.38 32.85 ± 0.22 1.00 ± 0.01 0.655 
0827 32.33 ± 0.23 32.45 ± 0.42 1.00 ± 0.01 0.655 
0831 33.75 ± 1.27 32.87 ± 0.33 1.03 ± 0.04 0.110 
0903 31.92 ± 0.37 32.24 ± 0.55 0.99 ± 0.02 0.277 
0907 33.34 ± 0.41 33.67 ± 0.28 0.99 ± 0.01 0.338 

a Mean ± SD 
b Mann-Whitney U test(82)

c p-value < 0.05 
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7 9 23 8 13 27

7 9 23 8 13 27

31

8

17 9 7

(p-value = 0.032)

8 17 9 7

(p-value = 0.040) 4-8

7 9 23 8 6

31 9 3

7 23 27

8 17 31 9 3 7

8 13

(p-value = 0.046)

16 Mann-Whitney U test(82)
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(p-vaule = 0.394)

(p-vaule = 0.264)

(p-vaule = 0.782)

(p-vaule = 0.806)

4-33 4-34

( 10 ) WBGT

4-35 4-36

( 20 ) WBGT

30-40oC

30-37oC

Mann-Whitney U test(82)

(p-vaule = 0.242)

(p-vaule = 0.569)

(p-vaule = 0.42) (p-vaule = 0.361)
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4-33 ( )

(skin temperature) (WBGT)

(a) ( ) (b) ( )

WBGT (oC)
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y = 0.70x + 15.06
R2 = 0.15

(b)
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Skin temp (oC)
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40

42

44
y = 0.81x + 12.30
R2 = 0.36

(a)
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4-34 ( ) (skin

temperature) (WBGT) (a)

( ) (b) ( )

WBGT (oC)

26 28 30 32 34 36
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34
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38
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42

44
y = 0.79x + 12.71
R2 = 0.34

(b)

26 28 30 32 34 36

Skin temp (oC)

28
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40

42

44
y = 0.81x + 12.30
R2 = 0.39

(a)
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4-35 ( )

(skin temperature) (WBGT)

(a) ( ) (b) ( )

WBGT (oC)

27 28 29 30 31 32 33
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38

y = 0.18x + 27.62
R2 = 0.05

(b)
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4-36 ( ) (skin

temperature) (WBGT) (a)

( ) (b) ( )

WBGT (oC)
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30

32

34

36

38

y = 0.31x + 23.91
R2 = 0.08

(b)
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R2 = 0.16
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WBGT

( 4-35 4-36)

WBGT

y = 0.81x + 12.30   R2 = 0.36         (Eq. 4-53) 

WBGT

y = 0.81 + 12.30   R2 = 0.39         (Eq. 4-54) 

WBGT

y = 0.70x + 15.06   R2 = 0.15          (Eq. 4-55) 

WBGT

y = 0.79x + 12.71   R2 = 0.34          (Eq. 4-56) 

WBGT

y = 0.20x + 27.07      R2 = 0.05         (Eq. 4-57) 

WBGT

y = 0.42 + 20.63    R2 = 0.16         (Eq. 4-58) 

WBGT

y = 0.18x + 27.62    R2 = 0.05         (Eq. 4-59) 
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WBGT

y = 0.31x + 23.91    R2 = 0.08         (Eq. 4-60) 

4-37 4-38

WBGT WBGT

1

WBGT WBGT

( WBGT )

4-39 4-40



140

4-37 ( )

(skin temperature) (WBGT)

( / ) (a) ( )

(b) ( )

WBGT / WBGT

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30
0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

1.30

y = 0.44x + 0.66
R2 = 0.18

(b)

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30

Skin temp / Skin temp

0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

1.30
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4-38 ( )

(skin temperature) (WBGT) (

/ ) (a) ( ) (b)

( )

WBGT / WBGT
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4-39 ( ) (skin temperature)

(irradiance) (a)

( ) (b) ( )

Irradiance (100 J/m2/hr)
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4-40 ( ) (skin temperature)

(irradiance) (a)

( ) (b) ( )

Irradiance (100 J/m2/hr)
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R2 = 0.04

(b)
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(logistic regression)

(odd ratio, OR) 95%

(95% confidence interval, 95% CI)

4-9

1.146 (95% CI = 1.005-1.306)

1.129

(95% CI =0.998-1.276)

4-41 4-42

TSV ( ) 4-41

4-42 (

)TSV
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4-9 Logistic regression /

(skin temperature) ( crude OR

adjusted OR 95% 95% CI)a

Crude OR 95% CI Adjusted OR 95% CI 

( )

     

 1.000 — 1.000 — 

 1.053 0.963-1.183 1.146 1.005-1.306 b

 ( )

     

 1.000 — 1.000 — 

 1.060 0.948-1.185 1.129 0.998-1.276 
a n = 224
b p-value < 0.05 
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4-41 ( )

(thermal sensation vote,TSV) (skin temperature)

(a) ( ) (b) ( )

(a)

Skin temp (oC)
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R2 = 0.17



147

4-42 ( )

(thermal sensation vote,TSV) (skin temperature)

(a) ( ) (b) (

)

Skin temp (oC)
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4.1.4

4-43 4-44 (skin

moisture) ( )

(10 ) UVI

200-2000 μS

UVI

( 4-43 4-44)

UVI

y = 9.29x + 826.46   R2 < 0.01         (Eq. 4-61) 

UVI

y = 16.73 + 861.34   R2 < 0.01         (Eq. 4-62) 

SBFC UVI

y = 36.44x + 626.32  R2 = 0.02         (Eq. 4-63) 
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4-43 ( ) (skin moisture)

(UVI) (a) (

) (b) ( )

UVI (100 J/m2/hr)
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(b)
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4-44 ( ) (skin moisture)

(UVI) (a) (

) (b) ( )

UVI (100 J/m2/hr)
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UVI

y = 21.98x + 729.56  R2 < 0.01      (Eq. 4-64) 

Mann-Whitney U test(82) ( )

(p-vaule = 0.245)

(p-vaule = 0.188)

(22)

UVI (7) / / ( 4-45

4-46) UVI 4-45

/ UVI / UVI

/ UVI / UVI

( )

(

)
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4-45 ( ) (skin moisture)

/ / (UVI) (a)

( ) (b) ( )

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
200
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1400
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1800

2000

2200
y =91.59x + 399.81, R2 = 0.06
y =-112.60x + 1597.72, R2 = 0.06 (b)

1 2 3 4 5 6 7 8 9

Skin moisture (	S)

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
y = 0.02x + 871.50, R2 < 0.01
y = 96.82x + 215.90 R2 = 0.02

(a)

UVI (y1) UVI
UVI (y2) UVI
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4-46 ( ) (skin moisture)

/ / (UVI) (a)

( ) (b) ( )

UVI (100 J/m2/hr)

1 2 3 4 5 6 7 8 9
200

400

600

800

1000

1200

1400

1600

1800

2000

2200
y = 58.04x + 584.26, R2 = 0.03
y = -36.78x + 1097.53, R2 < 0.01

(b)

1 2 3 4 5 6 7 8 9

Skin moisture (	S)

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
y = -5.38x + 904.27, R2 < 0.01
y = 162.16x - 205.90, R2 = 0.09

(a)

UVI (y1) UVI
UVI (y2) UVI
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( 4-45 4-45)

/ UVI

y = 0.02x + 871.50   R2 < 0.01         (Eq. 4-65) 

/ UVI

        y = 96.82x + 215.90  R2 = 0.02         (Eq. 4-66) 

/ UVI

y = -5.38x + 904.27  R2 < 0.01           (Eq. 4-67) 

/ UVI

y = 162.16x – 250.90  R2 = 0.09         (Eq. 4-68) 

/ UVI

y = 91.59x + 399.81  R2 = 0.06         (Eq. 4-69) 

/ UVI

y = -112.60x + 1597.72  R2 = 0.06         (Eq. 4-70) 

/ UVI

y = 58.04x + 584.26  R2 = 0.03         (Eq. 4-71) 

/ UVI

y = -36.78x + 1097.53  R2 < 0.01         (Eq. 4-72)

Eqs. 4-61 4-72
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4-10 4-11

4-10

8 13

8 13 24 9 3

7

23

(p-value = 0.032) (

4-11) 8 27 9

3

16

Mann-Whitney U test(82)

(p-vaule = 0.245)

(p-vaule = 0.188)

(p-vaule = 0.775)

(p-vaule = 0.997)
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4-10

(skin moisture) a

b

/ p-value
0706 907.61 ± 483.24 825.50 ± 308.35 1.44 ± 1.16 0.886 
0716 826.50 ± 421.72 700.67 ± 384.67 1.55 ± 1.07 0.568 
0720 1015.71 ± 452.05 823.18 ± 281.26 1.47 ± 1.05 0.655 
0723 973.43 ± 382.15 878.43 ± 445.26 1.38 ± 0.88 0.655 
0727 939.11 ± 395.86 742.75 ± 437.62 1.91 ± 1.41 0.391 
0730 913.39 ± 342.06 732.82 ± 312.29 1.49 ± 0.87 0.406 
0806 708.11 ± 253.56 728.56 ± 269.58 1.10 ± 0.55 0.949 
0813 957.86 ± 416.57 771.61 ± 372.17 1.43 ± 1.08 0.655 
0817 659.96 ± 306.77 918.68 ± 351.65 0.87 ± 0.60 0.390 
0820 848.46 ± 255.42 773.96 ± 267.65 1.32 ± 0.63 0.520 
0824 931.29 ± 344.02 871.61 ± 381.39 1.42 ± 1.10 0.701 
0827 938.79 ± 304.26 912.71 ± 261.80 1.11 ± 0.49 0.848 
0831 842.61 ± 279.15 836.54 ± 277.96 1.15 ± 0.61 0.848 
0903 867.00 ± 454.31 613.79 ± 260.18 1.70 ± 1.23 0.225 
0907 891.50 ± 420.47 896.89 ± 269.83 1.09 ± 0.63 0.565 

/ p-value
0706 905.18 ± 248.12 1066.67 ± 442.36 1.01 ± 0.46 0.568 
0716 855.96 ± 327.55 719.79 ± 302.11 1.55 ± 0.91 0.474 
0720 935.11 ± 363.36 904.93 ± 336.06 1.30 ± 0.98 0.949 
0723 973.46 ± 332.22 874.18 ± 292.81 1.28 ± 0.71 0.406 
0727 952.96 ± 362.48 649.75 ± 317.63 1.66 ± 0.79 0.032 c

0730 944.89 ± 353.04 754.86 ± 278.36 1.46 ± 0.83 0.277 
0806 745.71 ± 224.47 701.54 ± 248.25 1.23 ± 0.64 0.749 
0813 870.39 ± 390.01 648.25 ± 252.55 1.52 ± 0.87 0.338 
0817 780.21 ± 230.09 989.43 ± 360.57 0.88 ± 0.39 0.475 
0820 871.32 ± 202.98 765.88 ± 353.39 1.36 ± 0.65 0.391 
0824 999.57 ± 224.44 930.00 ± 340.42 1.32 ± 0.83 0.749 
0827 912.57 ± 194.68 1012.00 ± 367.88 0.99 ± 0.33 0.848 
0831 905.25 ± 281.10 857.46 ± 275.18 1.17 ± 0.53 0.655 
0903 806.18 ± 310.89 728.07 ± 256.65 1.25 ± 0.67 0.749
0907 906.50 ± 337.86 979.18 ± 137.36 0.94 ± 0.38 0.338

a Mean ± SD 
b Mann-Whitney U test(82) ;
c p-value < 0.05
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4-11 

(skin moisture) a

b

/ p-value
0706 907.46 ± 499.29 672.58 ± 195.90 1.66 ± 1.04 0.475 
0716 788.68 ± 501.22 775.29 ± 453.98 1.74 ± 1.77 1.000 
0720 931.00 ± 440.31 916.54 ± 293.95 1.22 ± 0.96 0.949 
0723 952.04 ± 484.55 920.54 ± 342.99 1.18 ± 0.77 0.949
0727 994.21 ± 423.13 866.42 ± 324.53 1.34 ± 0.75 0.668 
0730 968.86 ± 373.24 862.57 ± 301.05 1.33 ± 0.84 0.655 
0806 768.93 ± 308.71 763.61 ± 275.16 1.15 ± 0.65 0.898 
0813 794.50 ± 387.96 653.96 ± 342.36 1.60 ± 1.24 0.406 
0817 684.50 ± 396.63 820.79 ± 289.50 1.02 ± 0.84 0.391
0820 1018.71 ± 404.80 783.29 ± 302.42 1.67 ± 0.95 0.253 
0824 725.96 ± 449.84 795.96 ± 281.61 1.18 ± 1.20 0.225 
0827 1003.14 ± 266.75 1064.71 ± 320.62 1.05 ± 0.46 0.848 
0831 920.79 ± 337.24 1049.86 ± 337.78 1.09 ± 0.83 0.277 
0903 864.46 ± 398.23 777.43 ± 364.12 1.50 ± 1.21 0.949 
0907 882.07 ± 431.09 1042.64 ± 346.44 1.00 ± 0.73 0.277 

/ p-value
0706 899.54 ± 380.03 950.25 ± 250.66 1.07 ± 0.54 0.668 
0716 837.75 ± 341.85 899.13 ± 280.76 1.18 ± 0.62 0.668 
0720 985.39 ± 385.77 872.93 ± 396.64 1.37 ± 0.82 0.565 
0723 972.93 ± 451.77 952.79 ± 276.07 1.12 ± 0.66 0.949 
0727 977.96 ± 415.36 879.67 ± 376.97 1.46 ± 1.08 0.668 
0730 930.00 ± 365.14 844.43 ± 393.79 1.53 ± 1.35 0.848 
0806 846.32 ± 343.72 826.61 ±308.58 1.53 ± 1.35 0.949 
0813 796.21 ± 401.04 627.57 ± 246.03 1.28 ± 0.92 0.565 
0817 826.96 ± 367.63 820.68 ± 328.44 1.54 ± 1.11 0.886 
0820 1008.86 ± 375.47 770.17 ± 264.40 1.17 ± 0.70 0.253 
0824 825.11 ± 246.80 804.29 ± 358.27 1.46 ± 0.69 0.949 
0827 964.32 ± 227.31 1121.71 ± 285.19 1.34 ± 0.94 0.338 
0831 802.57 ± 333.86 1026.21 ± 381.45 0.92 ± 0.58 0.225 
0903 858.14 ± 335.22 773.50 ± 397.03 1.69 ± 1.65 0.749 
0907 901.64 ± 355.09 998.36 ± 265.42 0.97 ± 0.47 0.406 

a Mean ± SD 
b Mann-Whitney U test(82)
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4-47 4-48

( 10 ) WBGT

4-49 4-50 (

20 ) WBGT

200-2,000 μS

170-2,100 μS

WBGT WBGT

WBGT

Mann-Whitney U test(82)

(p-vaule = 0.223)

(p-vaule = 0.536)

(p-vaule = 0.469) (p-vaule

= 0.731)
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4-47 ( )

(skin moisture) (WBGT)

(a) ( ) (b) ( )

WBGT (oC)

26 28 30 32 34 36
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2200

y = 51.70x - 785.33, R2 = 0.08

(b)

26 28 30 32 34 36

Skin moisture (	S)
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1200

1400
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2000

2200

y = -22.33x + 1559.36, R2 < 0.01

(a)
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4-48 ( ) (skin

moisture) (WBGT) (a)

( ) (b) ( )

WBGT (oC)

26 28 30 32 34 36
0

200

400
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800

1000

1200

1400

1600

1800

2000

2200
y = 64.94x - 1161.43, R2 = 0.12 (b)

26 28 30 32 34 36

Skin moisture (	S)

0
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800
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1200

1400

1600

1800

2000

2200

y = -5.77x + 1068.22, R2 < 0.01 (a)
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4-49 ( )

(skin moisture) (WBGT)

(a) ( ) (b) ( )

WBGT (oC)

27 28 29 30 31 32 33
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y = 75.69x - 1337.95
R2 = 0.04

(b)

27 28 29 30 31 32 33

Skin moisture (	S)
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y = 75.61x - 1302.44
R2 = 0.03

(a)
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4-50 ( ) (skin

moisture) (WBGT) (a)

( ) (b) ( )

WBGT (oC)

27 28 29 30 31 32 33
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2200
y = 43.01x -370.78
R2 < 0.01

(b)
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y = 59.26x - 814.67
R2 = 0.02

(a)
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30

(

2 )

( 4-47 4-48 4-49 4-50)

WBGT

y = -22.33x + 1559.36    R2 < 0.01         (Eq. 4-73) 

WBGT

y = -5.77 + 1068.22  R2 < 0.01        (Eq. 4-74) 

WBGT

            y = 51.70x – 785.33    R2 = 0.08        (Eq. 4-75)  

WBGT

y = 64.94x –1068.22     R2 < 0.01        (Eq. 4-76) 

WBGT

y = 75.61x – 1302.44    R2 = 0.03         (Eq. 4-77) 
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WBGT

y = 59.26 – 814.67    R2 = 0.02         (Eq. 4-78) 

WBGT

y = 75.69x – 1337.95    R2 = 0.04           (Eq. 4-79) 

WBGT

y = 43.01x – 370.78     R2 < 0.01          (Eq. 4-80) 

4-51 4-52

WBGT WBGT

0.5-1.5 WBGT

WBGT

4-53 4-54

(logistic regression)

(odd ratio, OR) 95% (95% 
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4-51 ( )

(skin moisture) (WBGT) (

/ ) (a) ( ) (b)

( )

WBGT / WBGT

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30
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3.0

3.5
y = 0.22x + 0.76
R2 < 0.01

(b)
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Skin moisture / Skin moisture
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y = -0.28x + 1.34
R2 < 0.01

(a)
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4-52 ( )

(skin moisture) (WBGT) (

/ ) (a) ( ) (b)

( )

WBGT / WBGT
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y = 0.32x + 0.68
R2 < 0.01

(b)
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y = 0.64x + 0.37
R2 = 0.03

(a)
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4-53 ( ) (skin moisture)

(irradiance) (a)

( ) (b) ( )

Irradiance (100 J/m2/hr)
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y = -0.16x + 938.20
R2 = 0.10

(b)
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4-54 ( ) (skin moisture)

(irradiance) (a)

( ) (b) ( )

Irradiance (100 J/m2/hr)
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y = -0.03x + 845.76
R2 < 0.01 (b)
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y = -0.03x + 905.23
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confidence interval, 95% CI)

4-12 ( )

1.000 (95% CI = 0.999-1.001)

( )

1.000 (95% CI = 1.000-1.001)

4-55 4-56

TSV ( ) 4-55

TSV

TSV

TSV

4.1.5

4-57 4-58
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4-12 Logistic regression /

(skin moisture) ( crude OR

adjusted OR 95% 95% CI)a

Crude OR 95% CI Adjusted OR 95% CI 

( )

     

 1.000 — 1.000 — 

 1.001 1.000-1.001 1.000 0.999-1.001

 ( )

     

 1.000 — 1.000 — 

 1.001 1.000-1.001 1.000 1.000-1.001
a n = 224
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4-55 ( )

(thermal sensation vote,TSV) (skin moisture)

(a) ( ) (b) (

)

Skin moisture (	S)

300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950
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y = 1.32x - 0.03
R2 = 0.14

(b)

Skin moisture (	S)
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y = -9.93x + 2.41
R2 = 0.14

(a)
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4-56 ( )

(thermal sensation vote,TSV) (skin moisture)

(a) ( ) (b) (

)

Skin moisture (	S)

300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950
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y = -4.10x + 0.25
R2 < 0.01

(b)

Skin moisture (	S)
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y = -6.69x + 1.18
R2 = 0.07

(a)
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4-57 ( ) (erythema-index, 

E-index) (UVI)

(a) ( ) (b) ( )

UVI (100 J/m2/hr) 

1 2 3 4 5 6 7 8 9
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y = 0.40x + 9.29
R2 = 0.04

(b)
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y = 0.32x + 9.50
R2 < 0.01

(a)
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4-58 ( ) (erythema-index, 

E-index) (UVI)

(a) ( ) (b) ( )

UVI (100 J/m2/hr)
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y = 0.24x + 14.18
R2 = 0.01

(b)
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y = 0.07x + 13.25
R2 < 0.01

(a)
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(erythema-index, E-index) ( )

(10 ) UVI E-index

E-index 3-25 (a*)

E-index UVI

( )

(57, 59)

( 4-57 4-58)

E-index UVI

y = 0.32x + 9.50   R2 < 0.01         (Eq. 4-81) 

E-index UVI

y = 0.07 + 13.25   R2 < 0.01         (Eq. 4-82) 

E-index UVI

y = 0.40x + 9.29   R2 = 0.04         (Eq. 4-83) 

E-index UVI

y = 0.24x + 14.18   R2 = 0.01         (Eq. 4-84) 

Mann-Whitney U test(82) ( )

E-index p-value = 0.301
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E-index p-value < 0.001

( )

E-index

UVI (7) / / ( 4-59

4-60)

E-index UVI

( )

(UVI 6)

E-index

( 4-59 4-60)

E-index / UVI

        y = 0.24x + 9.43   R2 = 0.01         (Eq. 4-85) 

E-index / UVI

y = -0.70x + 15.82   R2 = 0.04         (Eq. 4-86) 
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4-59 ( ) (erythema-index, 

E-index) / / (UVI)

(a) ( ) (b) (

)

UVI (100 J/m2/hr)
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y = 0.76x + 7.75, R2 = 0.07
y = -1.85x + 24.47, R2 = 0.13

(b)

UVI (y1) UVI E-index
UVI (y2) UVI E-index
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y = 0.24x + 9.43, R2 = 0.01
y = -0.70x + 15.82, R2 = 0.04

(a)
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4-60 ( ) (erythema-index, 

E-index) / / (UVI)

(a) ( ) (b) (

)

UVI (100 J/m2/hr)
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y = 1.03x + 10.99, R2 = 0.12
y = -1.51x + 25.49, R2 = 0.12

(b)
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E-index (a*)
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y = 0.33x + 12.12, R2 = 0.02
y = -0.31x + 15.64, R2 < 0.01

(a)

UVI (y1) UVI E-index
UVI (y2) UVI E-index
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E-index / UVI

y = 0.33x + 12.12   R2 = 0.02          (Eq. 4-87) 

E-index / UVI

y =-0.31x + 15.64   R2 < 0.01          (Eq. 4-88) 

E-index / UVI

y = 0.76x + 7.75   R2 = 0.07         (Eq. 4-89) 

E-index / UVI

y = -1.85x + 24.47   R2 = 0.13         (Eq. 4-90) 

E-index / UVI

y = 1.03x + 10.99   R2 = 0.12         (Eq. 4-91) 

E-index / UVI

y = -1.51x + 25.49   R2 = 0.12         (Eq. 4-92)

Eqs. 4-81 4-92 E-index

E-index /

4-13 4-14

E-index 4-13

E-index
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4-13

(erythema-index, E-index) a

b

E-index
/ p-value

0706 9.94 ± 1.29 10.03 ± 1.50 1.00 ± 0.17 0.775 
0716 11.64 ± 2.64 12.03 ± 2.29 1.07 ± 0.31 0.886 
0720 11.89 ± 2.29 12.50 ± 3.79 1.05 ± 0.39 0.655 
0723 12.09 ± 3.04 11.03 ± 2.03 1.14 ± 0.37 0.949 
0727 12.79 ± 2.67 9.15 ± 3.52 2.07 ± 1.65 0.116 
0730 11.72 ± 1.92 14.64 ± 2.87 0.83 ± 0.26 0.064 
0806 9.87 ± 1.49 11.63 ± 2.69 0.89 ± 0.22 0.225 
0813 9.89 ± 1.11 9.57 ± 1.60 1.06 ± 0.21 0.655 
0817 10.96 ± 2.40 8.87 ± 3.30 2.43 ± 3.41 0.317 
0820 10.87 ± 3.05 12.73 ± 4.40 1.05 ± 0.51 0.391 
0824 10.09 ± 1.17 9.89 ± 1.74 1.05 ± 0.23 0.655 
0827 9.89 ± 1.77 11.21 ± 1.95 0.91 ± 0.25 0.225 
0831 9.41 ± 1.85 11.26 ± 3.08 0.89 ± 0.27 0.277 
0903 9.77 ± 1.24 10.76 ± 1.56 0.93 ± 0.17 0.225 
0907 10.01 ± 0.76 9.31 ± 1.96 1.12 ± 0.26 0.277 

E-index
/ p-value

0706 12.67 ± 1.90 13.26 ± 2.09 0.91 ± 0.17 0.668 
0716 14.79 ± 2.68 15.40 ± 1.27 0.92 ± 0.19 0.391 
0720 14.04 ± 2.55 16.24 ± 2.37 0.88 ± 0.20 0.225 
0723 12.57 ± 1.91 14.08 ± 1.31 0.90 ± 0.17 0.225 
0727 15.37 ± 3.22 14.70 ± 2.33 1.03 ± 0.26 0.775 
0730 13.26 ± 0.84 17.45 ± 1.90 0.77 ± 0.10 0.002 c

0806 14.41 ± 3.03 15.73 ± 2.79 0.94 ± 0.26 0.482 
0813 12.57 ± 1.65 12.96 ± 0.98 0.97 ± 0.15 0.338 
0817 13.16 ± 3.08 11.60 ± 4.18 1.42 ± 0.92 0.886 
0820 14.05 ± 4.29 16.70 ± 2.24 0.78 ± 0.24 0.317 
0824 13.60 ± 1.93 15.34 ± 1.99 0.90 ± 0.17 0.142 
0827 12.73 ± 2.00 16.74 ± 3.89 0.80 ± 0.20 0.025 c

0831 13.58 ± 1.48 16.89 ± 4.26 0.85 ± 0.22 0.142 
0903 12.81 ± 1.54 14.34 ± 1.44 0.90 ± 0.15 0.110 
0907 15.25 ± 3.55 16.04 ± 2.95 0.98 ± 0.28 0.565 

a Mean ± SD 
b E-index Mann-Whitney U test(82)

c p-value < 0.05
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4-14

(erythema-index, E-index) a

b

E-index
/ p-value

0706 9.83 ± 1.39 9.87 ± 1.93 1.05 ± 0.25 0.886 
0716 9.68 ± 0.96 9.76 ± 2.09 1.08 ± 0.29 0.668 
0720 11.09 ± 1.84 11.07 ± 3.67 1.12 ± 0.44 0.949 
0723 12.10 ± 1.73 11.32 ± 1.60 1.09 ± 0.22 0.406 
0727 10.03 ± 1.31 9.28 ± 1.86 1.10 ± 0.28 0.391 
0730 13.12 ± 2.71 13.22 ± 2.33 1.02 ± 0.28 0.848 
0806 10.71 ± 1.62 10.87 ± 1.61 1.01 ± 0.24 0.949 
0813 10.72 ± 1.40 11.24 ± 1.42 0.97 ± 0.18 0.406 
0817 10.24 ± 1.59 10.39 ± 1.72 1.02 ± 0.24 0.775 
0820 10.77 ± 1.47 10.35 ± 1.72 1.11 ± 0.17 0.568 
0824 11.65 ± 2.22 10.55 ± 1.65 1.13 ± 0.28 0.565 
0827 10.77 ± 1.40 11.21 ± 1.77 0.98 ± 0.19 0.749 
0831 10.28 ± 1.34 11.17 ± 0.78 0.93 ± 0.14 0.225 
0903 10.54 ± 1.23 10.73 ± 1.28 1.00 ± 0.18 0.655
0907 11.30 ± 1.30 11.71 ± 1.01 0.97 ± 0.14 0.338 

E-index
/ p-value

0706 12.64 ± 2.11 13.03 ± 0.85 0.92 ± 0.13 0.253 
0716 11.43 ± 0.49 12.95 ± 0.71 0.87 ± 0.05 0.007c

0720 12.76 ± 2.31 14.86 ± 2.78 0.89 ± 0.22 0.406 
0723 13.37 ± 1.62 13.53 ± 1.81 1.01 ± 0.18 0.949 
0727 11.57 ± 1.38 13.10 ± 0.92 0.84 ± 0.10 0.086 
0730 16.21 ± 1.79 15.53 ± 2.52 1.07 ± 0.22 0.565 
0806 12.43 ± 1.74 13.12 ± 0.92 0.95 ± 0.15 0.565
0813 12.48 ± 1.41 13.25 ± 1.36 0.95 ± 0.14 0.225
0817 11.93 ± 1.61 13.72 ± 1.46 0.88 ± 0.16 0.063
0820 13.16 ± 1.05 14.34 ± 1.43 0.88 ± 0.10 0.116 
0824 13.67 ± 1.96 14.39 ± 1.22 0.96 ± 0.16 0.565 
0827 11.95 ± 1.41 14.05 ± 0.78 0.85 ± 0.11 0.009 c

0831 12.68 ± 1.24 14.78 ± 1.66 0.87 ± 0.12 0.013 c

0903 12.47 ± 1.60 13.36 ± 0.35 0.93 ± 0.12 0.085 
0907 12.88 ± 1.52 14.80 ± 0.99 0.87 ± 0.12 0.035 c

a Mean ± SD 
b E-index Mann-Whitney U test(82)

c p-value < 0.05 
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7 27 30 8 24 27 31 9 7

E-index 7 23 8 13

7 27 8 24

E-index (p-value  0.002

0.025) 4-14

E-index 8 6 24 27 9 3 7

E-index 7 20 27

7 9 8 24 27 9 3

E-index (p-value

0.007 0.009 0.013 0.035) 16

Mann-Whitney U test(82)

E-index

E-index (p-vaule = 0.301)

E-index (p-vaule < 0.001)

E-index
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(p-vaule = 0.508) E-index

(p-vaule < 0.001)

4-61 4-62 E-index

( 10 ) WBGT

4-63 4-64 E-index

( 20 ) WBGT

(E-index WBGT )

WBGT

E-index 3-25 a*

E-index 5-20 a*

Mann-Whitney U test(82) E-index

E-index

(p-value < 0.001) E-index

(p-value < 0.001) 
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4-61 ( )

(erythema-index, E-index) (WBGT)

(a) ( ) (b) (
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4-62 ( )

(erythema-index, E-index) (WBGT)

(a) ( ) (b) (
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WBGT (oC)
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4-63 ( )

(erythema-index, E-index) (WBGT)
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4-64 ( )

(erythema-index, E-index) (WBGT)
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WBGT (oC)
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( 4-61 4-62 4-63 4-64)

E-index WBGT

y = 0.10 + 7.56   R2 < 0.01          (Eq. 4-93) 

E-index WBGT

y = 0.25 + 6.07   R2 = 0.02         (Eq. 4-94) 

E-index WBGT

y = -0.17x + 16.64   R2 = 0.01         (Eq. 4-95) 

E-index WBGT

y = 0.10x + 12.42   R2 < 0.01         (Eq. 4-96) 

E-index WBGT

y = 0.24x +3.84     R2 = 0.01         (Eq. 4-97) 

E-index WBGT

y = 0.07 + 10.71   R2 < 0.01         (Eq. 4-98) 

E-index WBGT

            y = 0.17x + 6.03   R2 < 0.01         (Eq. 4-99)  

E-index WBGT

y = 0.28x + 5.92   R2 = 0.03        (Eq. 4-100) 

4-65 4-66

E-index

WBGT WBGT 4-66



189

4-65 ( )

(erythema-index, E-index)
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4-66 ( )

(erythema-index, E-index)
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) (b) ( )
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E-index 1 E-index

WBGT E-index

4-67 4-68 E-index

E-index

(logistic regression) E-index

(odd ratio, OR) 95% (95%

confidence interval, 95% CI)

4-15 ( )

E-index 0.922 (95% CI = 

0.828-1.026)

( )

E-index 0.844 (95% CI = 0.760-0.936)

4-69 4-70
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4-67 ( ) (erythema-index, 

E-index) (irradiance)
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4-68 ( ) (erythema-index, 

E-index) (irradiance)
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4-15 Logistic regression /

(erythema-index, E-index) ( crude OR

adjusted OR 95% 95% CI)a

Crude OR 95% CI Adjusted OR 95% CI 

( ) E-index

     

1.000 — 1.000 — 

0.948 0.860-1.046 0.922 0.828-1.026 

 ( ) E-index

     

1.000 — 1.000 — 

0.825 0.746-0.912 b 0.844 0.760-0.936 b

a n = 224
b p-value < 0.05 



195

4-69 ( )

(thermal sensation vote,TSV) (erythema-index,

E-index) (a) ( ) (b)
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4-70 ( )

(thermal sensation vote,TSV) (erythema-index,

E-index) (a) ( ) (b)
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TSV ( ) E-index 4-69

TSV

E-index 4-70

TSV E-index

TSV E-index

4.1.6

4-71 4-72

(melanin-index, M-index) ( )

(10 ) UVI M -index

M-index 5-60 (b*)

4-72 M-index UVI
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4-71 ( ) (melanin-index,

M-index) (UVI)
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4-72 ( ) (melanin-index,

M-index) (UVI)
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( 4-71 4-72)

M-index UVI

y = 0.33x + 33.64   R2 < 0.01        (Eq. 4-101) 

M-index UVI

y = -0.83 + 36.22   R2 = 0.02        (Eq. 4-102) 

M-index UVI

y = 1.35x + 28.62   R2 = 0.05        (Eq. 4-103)  

M-index UVI

y = 0.48x + 30.19   R2 < 0.01        (Eq. 4-104) 

Mann-Whitney U test(82) ( )

M-index(p-vaule = 0.851)

M-index(p-vaule = 0.444)

(p-vaule = 0.005)  (p-vaule = 0.003) M-index

UVI (7) / / ( 4-73

4-74)

M-index UVI

UVI ( ) M-index

( ) M-
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4-73 ( ) (melanin-index,

M-index) / / (UVI)
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4-74 ( ) (melanin-index,

M-index) / / (UVI)
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index

UVI 6

( 4-73 4-74)

M-index / UVI

y = 0.79x + 31.72   R2 = 0.01        (Eq. 4-105) 

M-index / UVI

y = 0.51x + 31.86   R2 < 0.01        (Eq. 4-106) 

M-index / UVI

y = -0.36x + 34.22   R2 < 0.01        (Eq. 4-107) 

M-index / UVI

y =--1.39x + 39.71   R2 < 0.01        (Eq. 4-108) 

M-index / UVI

y = 0.59x + 31.66   R2 < 0.01        (Eq. 4-109) 

M-index / UVI

y = 0.89x + 32.68   R2 < 0.01        (Eq. 4-110) 

M-index / UVI

y = -2.12x + 40.59   R2 = 0.04        (Eq. 4-111) 
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M-index / UVI

y = 3.59x + 11.40    R2 = 0.14        (Eq. 4-112) 

Eqs. 4-105 4-112 M-index

M-index /

M-index /

M-index /

4-16 4-17

M-index 4-16

M-index

7 6 16 20 23 8 6 13 20

31

M-index 7 6

23 8 6 13

4-14

M-index 7

16 20 23 27 8 13

M-index
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4-16

(melanin-index, M-index) a

b

M-index
/  p-value 

0706 32.61 ± 5.04 33.27 ± 4.34 0.96 ± 0.22 0.886 
0716 32.61 ± 6.74 30.17 ± 3.48 1.06 ± 0.22 0.199 
0720 31.91 ± 4.02 32.86 ± 4.11 0.99 ± 0.17 0.949 
0723 31.50 ± 4.66 36.80 ± 7.89 0.89 ± 0.20 0.277 
0727 37.31 ± 5.07 42.17 ± 3.89 0.88 ± 0.17 0.199 
0730 37.05 ± 6.80 31.91 ± 9.79 1.32 ± 0.62 0.482 
0806 36.02 ± 3.34 33.15 ± 5.23 1.12 ± 0.21 0.338 
0813 34.13 ± 2.40 35.02 ± 2.79 0.98 ± 0.10 0.749 
0817 37.33 ± 7.22 42.65 ± 6.48 0.90 ± 0.22 0.199 
0820 36.74 ± 13.50 35.52 ± 14.41 1.17 ± 0.88 0.568 
0824 35.31 ± 2.93 35.92 ± 3.49 0.99 ± 0.13 0.655 
0827 37.66 ± 5.49 33.86 ± 7.58 1.18 ± 0.35 0.565 
0831 36.84 ± 7.00 35.77 ± 4.85 1.05 ± 0.24 0.949 
0903 33.39 ± 2.83 34.72 ± 3.92 0.97 ± 0.14 0.338 
0907 40.85 ± 5.18 37.68 ± 5.53 1.11 ± 0.22 0.338 

M-index
/  p-value 

0706 34.09 ± 5.80 37.50 ± 2.67 0.86 ± 0.15 0.253 
0716 29.83 ± 9.12 27.19 ± 4.12 1.01 ± 0.25 0.886 
0720 28.27 ± 5.69 28.26 ± 7.24 1.07 ± 0.37 0.848 
0723 32.32 ± 9.35 30.89 ± 10.69 1.24 ± 0.71 0.949 
0727 25.71 ± 10.48 38.74 ± 10.80 0.79 ± 0.33 0.153 
0730 31.84 ± 7.14 28.98 ± 12.99 1.30 ± 0.58 0.406 
0806 29.07 ± 10.11 27.67 ± 9.25 1.20 ± 0.62 0.949 
0813 34.48 ± 4.05 38.11 ± 2.44 0.91 ± 0.12 0.085 
0817 30.32 ± 15.49 42.71 ± 11.36 0.76 ± 0.43 0.086 
0820 28.73 ± 9.52 28.85 ± 10.04 1.18 ± 0.59 0.886 
0824 33.37 ± 3.77 32.63 ± 5.27 1.05 ± 0.23 0.749 
0827 33.07 ± 7.24 27.21 ± 11.93 1.71 ± 1.31 0.225 
0831 33.63 ± 9.37 30.63 ± 10.57 1.29 ± 0.70 0.949 
0903 35.15 ± 5.40 34.76 ± 5.56 1.04 ± 0.25 0.749 
0907 31.26 ± 11.60 31.77 ± 7.66 1.08 ± 0.59 0.749 

a Mean ± SD 
b M-index Mann-Whitney U test(82)
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4-17

(melanin-index, M-index) a

b

M-index
/  p-value 

0706 32.25 ± 5.21 33.57 ± 40.18 0.95 ± 0.19 0.475 
0716 33.26 ± 2.34 34.31 ± 2.34 0.97 ± 0.10 0.391 
0720 35.93 ± 5.16 32.99 ± 6.00 1.14 ± 0.33 0.482 
0723 37.44 ± 4.30 36.00 ±3.23 1.05 ± 0.15 0.482 
0727 40.59 ± 3.63 40.50 ±1.89 1.00 ± 0.10 0.668 
0730 41.29 ± 9.71 37.52 ± 6.49 1.14 ± 0.35 0.749 
0806 32.12 ± 2.67 34.33 ± 2.38 0.94 ± 0.14 0.142 
0813 32.73 ± 2.65 35.20 ± 3.82 0.99 ± 0.13 0.180 
0817 33.39 ± 1.63 34.32 ± 4.00 1.00 ± 0.12 0.568 
0820 33.11 ± 2.08 34.41 ± 3.40 0.96 ± 0.12 0.568 
0824 30.89 ± 2.02 32.62 ± 3.15 0.93 ± 0.11 0.142 
0827 32.07 ± 1.98 34.94 ± 3.53 0.95 ± 0.19 0.277 
0831 30.94 ± 2.54 33.41 ± 4.71 0.94 ± 0.10 0.110 
0903 32.65 ± 1.80 35.02 ± 2.94 0.94 ± 0.10 0.142 
0907 30.50 ± 2.23 32.63 ± 3.21 0.95 ± 0.13 0.142 

E-index
/  p-value 

0706 35.55 ± 5.30 36.40 ± 4.51 0.95 ± 0.16 0.568 
0716 34.47 ± 2.13 37.39 ± 2.18 0.91 ± 0.08 0.032 c

0720 38.31 ± 4.28 35.42 ± 3.70 1.09 ± 0.17 0.225 
0723 36.92 ± 4.50 34.13 ± 4.88 1.04 ± 0.19 0.655 
0727 42.72 ± 4.62 42.68 ± 3.78 0.95 ± 0.09 0.886 
0730 31.38 ± 8.31 33.41 ± 8.33 1.00 ± 0.37 0.848 
0806 35.69 ± 3.79 38.75 ± 2.76 0.93 ± 0.12 0.085 
0813 33.31 ± 3.05 35.24 ± 3.15 0.95 ±0.12 0.277 
0817 35.44 ± 2.28 37.16 ± 2.50 0.95 ± 0.09 0.253 
0820 31.69 ± 3.34 37.11 ± 4.65 0.84 ± 0.12 0.063 
0824 29.34 ± 4.15 32.72 ± 4.38 0.91 ± 0.18 0.110 
0827 32.60 ± 2.73 35.45 ± 3.96 0.93 ± 0.14 0.110 
0831 30.80 ± 4.46 33.44 ± 3.65 0.93 ± 0.17 0.277 
0903 31.53 ± 4.33 33.67 ± 4.50 0.95 ± 0.19 0.338 
0907 28.58 ± 3.92 31.43 ± 4.13 0.93 ± 0.18 0.277 

a Mean ± SD 
b M-index Mann-Whitney U test(82)

c p-value < 0.05 
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7 16 20 27

9

7 E-index

(p-value = 0.018) 7 9

E-index (p-value = 

0.032) 16

Mann-Whitney U test(82) M-index

M-index

 (p-value = 0.851) M-index(p-value = 0.444)

M-index

(p-value = 0.005) (p-value = 0.003)

M-index WBGT

( )

( 4-75 4-76 4-77 4-78)

M-index WBGT

y = -2.12 + 40.59   R2 = 0.05         (Eq. 4-113) 
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4-75 ( )
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4-76 ( )

(melanin-index, M-index) (WBGT)
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4-77 ( )

(melanin-index, M-index) (WBGT)
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4-78 ( )

(melanin-index, M-index) (WBGT)

(a) ( ) (b) (

)

WBGT (oC)

27 28 29 30 31 32 33
10

20

30

40

50

60
y= 0.78x + 13.17
R2 = 0.03

(b)

27 28 29 30 31 32 33

M-undex (b*)

10

20

30

40

50

60
y =1.59x - 12.18
r2 = 0.06

(a)
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M-index WBGT

y = -3.59 + 11.40   R2 < 0.01        (Eq. 4-114) 

M-index WBGT

y = 0.97x + 5.49      R2 = 0.05        (Eq. 4-115) 

M-index WBGT

y = 0.88x + 5.41   R2 = 0.02        (Eq. 4-116) 

M-index WBGT

y = 0.94x + 6.66     R2 = 0.03        (Eq. 4-117)

M-index WBGT

y = 1.59  12.18   R2 = 0.06        (Eq. 4-118) 

M-index WBGT

y = 0.39x + 23.30   R2 < 0.01        (Eq. 4-119) 

M-index WBGT

y = 0.78x + 13.172   R2 = 0.03        (Eq. 4-120) 

4-79 4-80

M-index

WBGT WBGT 4-80

M-index 0.4-1.6 M-index

WBGT

M-index
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4-79 ( ) (melanin-index,

M-index) ( / ) (WBGT)

( / ) (a) ( )

(b) ( )

WBGT / WBGT

0.8 0.9 1.0 1.1 1.2 1.3
0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

y = 0.42x + 0.57
R2 = 0.01

(b)

0.8 0.9 1.0 1.1 1.2 1.3

M-index / M-index

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

y = 0.42x + 0.57
R2 = 0.01

(a)
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4-80 ( ) (melanin-index,

M-index) ( / ) (WBGT)

( / ) (a) ( )

(b) ( )

WBGT / WBGT

0.8 0.9 1.0 1.1 1.2 1.3
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
y = 0.77x + 0.11
R2 = 0.03

(b)

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30

M-index / M-index

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
y = 0.31x + 0.63
R2 < 0.01

(a)
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4-81 4-82 M-index

(logistic regression)

M-index

(odd ratio, OR) 95% (95% confidence interval, 95% CI)

4-18

( ) M-index

0.995 (95% CI = 0.9576-1.035)

( ) M-index 0.990

(95% CI = 0.962-1.0195)
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4-81 ( ) (melanin-index,

M-index) (irradiance)

(a) ( ) (b) ( )

Irradiance (100 J/m2/hr)

0 500 1000 1500 2000 2500
0

10

20

30

40

50

60

70
y = -2.57x + 37.57
R2 = 0.04 (b)

0 500 1000 1500 2000 2500

M-index (b*)

0

10

20

30

40

50

60

70
y = 2.71x + 34.38
R2 = 0.02

(a)
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4-82 ( ) (melanin-index,

M-index) (irradiance)

(a) ( ) (b) ( )

Irradiance (100 J/m2/hr)

0 500 1000 1500 2000 2500
0

10

20

30

40

50

60

70
y = -5.81x + 32.74
R2 < 0.01

(b)

0 500 1000 1500 2000 2500

Melanin (b*)

0

10

20

30

40

50

60

70
y = 4.92x + 29.40
R2 = 0.03

(a)
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4-18 Logistic regression /

(melanin-index, M-index) ( crude OR

adjusted OR 95% 95% CI)a

Crude OR 95% CI Adjusted OR 95% CI 

( )

     

 1.000 — 1.000 — 

 1.001 0.966-1.038 0.995 0.957-1.035

 ( )

     

 1.000 — 1.000 — 

 0.992 0.965-1.019 0.990 0.962-1.019
a n = 224
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4-83 4-84

TSV ( ) M-index -83

TSV M-index

4-84

TSV Mindex

4.1.7

4-19 (

SBFC TEWL ) (TSV )

UVI ( )

(r = 0.218)

(p-value = 0.110)

TEWL

0.50 (TEWL r =  

0.557  = 0.709) (p-value < 0.001)
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4-83 ( )

(thermal sensation vote,TSV) (melanin-index,

M-index) (a) ( ) (b)

( )

M-index (b*)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63

TSV

-3

-2

-1

0

1

2

3

y = -0.04x +2.90
R2 = 0.10

(a)

M-index (b*)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63

-3

-2

-1

0

1

2

3

y = 1.10x +1.07
R2 < 0.01

(b)
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4-84 ( )

(thermal sensation vote,TSV) (melanin-index,

M-index) (a) ( ) (b)

( )

M-index (b*)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63

-3

-2

-1

0

1

2

3

y = 0.03x - 0.80
R2 = 0.03

(b)

M-index (b*)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63

TSV

-3

-2

-1

0

1

2

3

y = -0.02x +1.13
R2 < 0.01

(a)
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(r = 0.546) (p-value < 

0.001) VIF 10

4-20 (

SBFC TEWL ) (TSV )

UVI ( )

(

) TEWL

(slope = -0.33)

(p-value = 0.110)
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TSV (slope = 0.44) UVI (slope = 0.11)

(p-value < 0.001)

4-21 (

SBFC TEWL ) (TSV )

UVI ( )

(simple 

regression equations)

28.04

TEWL

7.06 -19.13

(r = 0.552)

0.22 0.44 (r = 0.669) TSV

0.15 (p-value < 0.001)

4-22 (
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SBFC TEWL ) (TSV )

UVI ( )

TEWL (slope = 0.46)

(  slope = 0.38  slope = 0.35)

(slope = 0.17)

E-index (slope = -0.26) TSV

(slope = 0.50)

4-23 4-24 (

) ( )

( SBFC TEWL )

(TSV )

(

r = 0.740 r = 0.709)

SBFC (r < 
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SBFC p-value  0.393 0.00

p-value  0.147 < 0.001

(r = 0.310) (p-value < 0.001)

VIF 10
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( SBFC TEWL )
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(p-value 0.3930 0.147)
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(

slope 0.002 slope -0.009)

4-27 4-28 (

) ( )

( SBFC TEWL ) (TSV

)

TEWL

0.439 (p-value < 

0.001)

r 0.730 0.533 (p-value < 0.001)

TSV

0.304 (p-value = 0.001)

VIF 10
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( SBFC TEWL )

(TSV )

TEWL (slope -0.30 -0.33)

(slope 0.08

0.05) TSV (slope 

0.22 0.20)

SBFC (slope -0.21 0.20)

TEWL (slope -0.32 -0.26)

(slope = 0.68)

4-31 4-32 (

E-index M-index) (UVI)

(irradiance)

E-index

E-index (slope = -1.584)
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(p-value < 0.001)

M-index

(p-value = 0.907)

M-index

4.1.8

(Wilcoxon signed-rank test)(84)

4-33 4-36 4-33 4-34

Z 4-35 4-36

(positive and negativie ranks)

(sum of ranks

SBFC

(p-value  < 

0.001) SBFC

TEWL
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4-33

(Wilcoxon signed-rank test)

Z -5.115 a
SBFC

( ) < 0.001 c

Z -8.818 b

TEWL
( ) < 0.001 c

Z -8.855 b

( ) < 0.001 c

Z -0.230 b

( ) 0.818

Z -3.258 b

E-index
( ) 0.001 c

Z -1.585 a

M-index 
( ) 0.113 

a

b

c p-value < 0.05  
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4-34

(Wilcoxon signed-rank test)

Z -6.209 a

SBFC
( ) < 0.001 c

Z -9.053 b

TEWL
( ) < 0.001 c

Z -9.062 b

( ) < 0.001 c

Z -0.564 b

( ) 0.573

Z -4.118 b
E-index

( ) < 0.001 c

Z -1.017 a

M-index 
( ) 0.309

a

b

c p-value < 0.05  
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4-35

(Wilcoxon signed-rank test)

b 25 b 34.98 874.5 
c 68 c 51.42 3496.5 
d 2 d   

SBFC a

95   
b 103 b 56.50 5820 
c 5 c 13.2 66 
d 0 d   

TEWL a

108   
b 102 b 57.18 5832 
c 6 c 9 54 
d 0 d   

a

108   
b 57 b 52.95 3018 
c 51 c 56.24 2868 
d 0 d   

a

108   
b 65 b 61.63 4006 
c 43 c 43.72 1880 
d 0 d   

E-index a

108   
b 49 b 49.51 2426 
c 59 c 58.64 3460 
d 0 d   

M-index a

108   

a

b  < 
c  > 
d  = 
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4-36

(Wilcoxon signed-rank test)

b 22 b 34.84 766.5 
c 80 c 56.08 4486.5 
d 1 d   

SBFC a

103   
b 107 b 56 5992 
c 2 c 1.5 3 
d 0 d   

TEWL a

109   
b 109 b 55 5995 
c 0 c 0 0 
d 0 d   

a

109   
b 61 b 52.20 3184 
c 48 c 58.56 2811 
d 0 d   

a

109   
b 67 b 65.07 4359.5 
c 42 c 38.94 1635.5 
d 0 d   

E-index a

108   
b 66 b 50.52 3334 
c 43 c 61.88 2661 
d 0 d   

M-index a

109   
a

b  < 
c  > 
d  = 
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(p-value  < 

0.001) TEWL

(p-value 0.818

0.573)

E-index

(p-value  < 0.001)

E-index

M-index

(p-value 0.113 0.309)

SBFC TEWL

E-index 10

SBFC SBFC

TEWL E-index

TEWL

10

( 2 )
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4.2.1

4-85 SBFC

( ) SBFC

SBFC

31oC SBFC

SBFC

SBFC

( 4-37) Student’s t test

SBFC

SBFC ( 0.67-1.54)

SBFC (p-value = 0.012)

SBFC

SBFC

one-way ANOVA ( 4-38)

45% 75% SBFC ( 45%

75% p-value 0.014 0.004) Scheffé’s

75% 22oC 31oC



250

4-85 (skin blood flow change, SBFC)

(indoor temp) (relative humidity, RH)

( ) (a) (

) (b) ( )

20 22 24 26 28 30 32 34 36

SBFC (PU)

0
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15

20

25

30

35

40
45
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75

(a)

Indoor temp (oC)

20 22 24 26 28 30 32 34 36
0

5

10

15

20

25

30

35

40
45 % RH 
60 % RH 
75 % RH 

(b)
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4-37 ( ) ( )

(skin blood flow 

change, SBFC) a b

/ p-value

45% 9.47 ± 4.15 8.20 ± 3.22 1.31 ± 0.72 0.463 

60% 10.54 ± 3.31 8.15 ± 1.70 1.33 ± 0.48 0.442 22oC

75% 8.80 ± 2.13 9.30 ± 2.57 1.04 ± 0.45 0.768 

45% 9.54 ± 2.98 9.84 ± 1.89 1.01 ± 0.36 0.175 

60% 12.77 ± 6.41 9.86 ± 2.62 1.42 ± 0.84 0.254 25oC

75% 11.96 ± 4.34 10.79 ± 3.98 1.22 ± 0.57 0.838 

45% 12.84 ± 6.27 12.41 ± 6.00 1.22 ± 0.72 0.764 

60% 15.40 ± 6.45 18.79 ± 10.18 1.09 ± 0.77 0.178 28oC

75% 11.03 ± 4.59 19.60 ± 8.18 0.67 ± 0.39 0.035 c

45% 16.57 ± 7.25 16.74 ± 7.83 1.27 ± 0.85 0.773 

60% 17.44 ± 9.02 13.59 ± 5.37 1.54 ± 1.19 0.420 31oC

75% 21.73 ± 13.82 26.80 ± 12.32 0.93 ± 0.67 0.661 

45% 17.39 ± 3.87 22.24 ± 5.46 0.82 ± 0.25 0.699 

60% 20.19 ± 9.20 23.29 ± 8.97 1.04 ± 0.68 0.538 34oC

75% 20.09 ± 2.58 23.56 ± 7.67 0.96 ± 0.39 0.041 c

a Mean ± SD 
b SBFC Student’s t test
c p-value < 0.05 
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SBFC (p-value = 0.033)

SBFC one-way ANOVA ( 4-39)

SBFC

SBFC one-way ANOVA ( 4-40)

(p-value < 0.05) SBFC

Scheffé’s ( 45%)

( 22 25 28oC) ( 34oC)

SBFC 60% (

22 25oC) (34oC) SBFC

(75%) 22oC 31 34oC 25oC

28 31oC SBFC

SBFC one-way ANOVA ( 4-41)

31oC SBFC

(p-value = 0.033)

60% 75% SBFC

SBFC

SBFC
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(Wet-Bulb Globe Temperature Index, WBGT)

SBFC ( 4-86)

( WBGT ) 3 ( )

WBGT

45 60 75% SBFC

SBFC WBGT 27.18oC(

34oC 45%)

WBGT 22oC WBGT SBFC

SBFC SBFC

WBGT

SBFC SBFC WBGT

( 4-87)

SBFC WBGT

y = 0.90x – 6.69   R2 = 0.26      (Eq. 4-121) 
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4-86 (skin blood flow change, SBFC)

(Wet-Bulb Globe Temperature Index, 

WBGT) ( ) (a)

( ) (b) ( )

WBGT (oC)

16 18 20 22 24 26 28 30 32
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4-87 (skin blood flow change, SBFC)

(Wet-Bulb Globe Temperature Index, 

WBGT) (a) ( ) (b)

( )

WBGT (oC)

16 18 20 22 24 26 28 30 32
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y = 1.34x - 16.00
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R2 = 0.26

(a)

(b)
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SBFC WBGT

y = 1.34x – 16.00   R2 = 0.40      (Eq. 4-122) 

(regression

coefficient)

SBFC

SBFC (coefficient of determination, 

R2) 0.5 SBFC WBGT

4-88 TSV SBFC

TSV( ) SBFC( )

SBFC TSV

SBFC

TSV

4.2.2

4-89 TEWL

TEWL

TEWL TEWL  
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4-88 (thermal sensation vote,TSV)

(skin blood flow change, SBFC)

(a) ( ) (b) (

)

SBFC (PU)

0 10 20 30 40 50 60

-3

-2

-1

0

1
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3

SBFC (PU)

0 10 20 30 40 50 60

TSV

-3

-2

-1

0

1

2

3
(a)

(b)

y = 0.09x – 0.56
R2 = 0.21

y = 0.09x – 0.95 
R2 = 0.32
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4-89 (transepidermal water loss, TEWL)

(indoor temp) (relative humidity, RH)

( ) (a) (

) (b) ( )

Indoor temp (oC)

20 22 24 26 28 30 32 34 36
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60

90

120

150
45 % RH
60 % RH
75 % RH

20 22 24 26 28 30 32 34 36

TEWL (g/m2/hr)

30

60

90

120

150
45 % RH
60 % RH
75 % RH

(a)

(b)
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(22 25 28oC)

TEWL TEWL

TEWL

( 4-42) Student’s t test

TEWL

TEWL ( 0.76-1.22)

TEWL (p-value = 0.022)

TEWL

TEWL one-way ANOVA ( 4-43)

(p-value < 0.05) TEWL

Scheffé’s

34oC TEWL

(p-value < 0.05) TEWL

(> 34oC)

TEWL one-way ANOVA ( 4-44)

TEWL (p-value  > 0.05)

( 4-45 4-46)
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4-42 ( ) ( )

(transepidermal water 

loss, TEWL) a b

/ p-value

45% 70.41 ± 26.98 60.20 ± 19.77 1.12 ± 0.26 0.104 

60% 72.41 ± 16.87 66.77 ± 19.04 1.11 ± 0.24 0.468 22oC

75% 64.13 ± 17.43 68.03 ± 16.37 1.16 ± 0.36 0.789 

45% 75.36 ± 16.89 66.91 ± 14.57 1.08 ± 0.24 0.025 c

60% 71.77 ± 19.58 73.43 ± 16.90 0.99 ± 0.12 0.413 25oC

75% 73.06 ± 9.74 70.94 ± 16.30 1.13 ± 0.27 0.309 

45% 63.39 ± 17.38 68.20 ± 15.22 0.96 ± 0.15 0.246 

60% 78.51 ± 18.28 79.27 ± 33.70 1.22 ± 0.39 0.270 28oC

75% 64.31 ± 26.65 83.46 ± 40.35 0.97 ± 0.35 0.073 

45% 75.09 ± 12.25 80.01 ± 24.37 1.18 ± 0.49 0.093 

60% 81.19 ± 15.45 66.77 ± 18.87 1.00 ± 0.35 0.464 31oC

75% 82.89 ± 18.47 89.47 ± 26.83 0.76 ± 0.64 0.965 

45% 75.23 ± 7.09 98.80 ± 37.46 1.11 ± 0.76 0.706 

60% 82.37 ± 15.89 79.57 ± 15.11 1.21 ± 0.39 0.542 34oC

75% 74.69 ± 13.56 73.11 ± 19.94 0.94 ± 0.63 0.345 
a Mean ± SD 
b TEWL Student’s t test
c p-value < 0.05
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WBGT

TEWL (

4-90) TEWL WBGT

TEWL

WBGT 28.36oC(

31oC 75%) WBGT TEWL

( ) TEWL

TEWL TEWL WBGT

( 4-91)

TEWL WBGT

y = 1.08x – 13.86   R2 = 0.30         (Eq. 4-123) 

TEWL WBGT

y = 1.54x – 23.52   R2 = 0.39      (Eq. 4-124) 

(regression

coefficient)
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4-90 (transepidermal water loss, TEWL)

(Wet-Bulb Globe Temperature Index, 

WBGT) ( ) (a)

( ) (b) ( )

WBGT (oC)

16 18 20 22 24 26 28 30 32
0

10

20

30

40

50

16 18 20 22 24 26 28 30 32

TEWL (g/m2/hr)

0

10

20

30

40

50

(b)

(a)
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4-91 (transepidermal water loss, TEWL)

(Wet-Bulb Globe Temperature Index, 

WBGT) (a) ( ) (b)

( )

WBGT (oC)

16 18 20 22 24 26 28 30 32
0

10

20

30

40

50

60
y = 1.54x - 23.52
R2 = 0.39

14 16 18 20 22 24 26 28 30 32 34

TEWL (g/m2/hr)

0

10

20

30

40

50

60
y = 1.08x - 13.86
R2 = 0.30

(b)

(a)
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4-92 TSV TSV

TSV ( ) TEWL ( )

TEWL

TSV TEWL

4.2.3

4-93

( )

( 4-47) Student’s t test

(

0.99-1.02) (p-value = 0.459)

one-way ANOVA ( 4-48)
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4-92 (thermal sensation vote,TSV)

(transepidermal water loss, TEWL) 

(a) ( ) (b) (

)

TEWL (g/m2/hr)

0 10 20 30 40 50 60

-3

-2

-1

0

1

2

3

TEWL (g/m2/hr)

0 10 20 30 40 50 60

TSV 

-3

-2

-1

0

1

2

3
(a)

(b)

y = 0.09x – 0.32
R2 = 0.28

y = 0.07x – 0.47
R2 = 0.27
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4-93 (skin temperature) (indoor 

temp) (relative humidity, RH) (

) (a) ( ) (b)

( )

Indoor temp (oC)

20 22 24 26 28 30 32 34 36
20

22

24

26

28

30

32

34

36

38
45
60
75

20 22 24 26 28 30 32 34 36

Skin temp (oC)

20

22

24
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28
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32

34

36

38
45 % RH
60 % RH
75 % RH

(a)

(b)
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4-47 ( ) ( )

(skin temperature) a

b

/ p-value

45% 24.10 ± 1.63 23.67±0.55 1.02 ± 0.07 0.005 c

60% 22.90 ± 0.53 23.03 ± 1.39 1.00 ± 0.07 0.163 22oC

75% 22.82 ± 0.86 22.86 ± 0.71 1.00 ± 0.05 0.753 

45% 25.76 ± 0.70 26.09 ± 1.11 0.99 ± 0.05 0.035 c

60% 26.17 ± 0.89 26.42 ± 1.09 0.99 ± 0.05 0.652 25oC

75% 25.49 ± 0.45 25.70 ± 0.95 0.99 ± 0.04 0.064 

45% 29.30 ± 0.82 29.62 ± 0.83 1.00 ± 0.04 0.813 

60% 29.17 ± 0.77 29.42 ± 0.42 1.00 ± 0.03 0.235 28oC

75% 29.32 ± 0.57 30.14 ± 0.77 0.98 ± 0.04 0.319 

45% 31.60 ± 0.62 32.21 ± 0.34 0.99 ± 0.02 0.268 

60% 32.08 ± 0.56 32.58 ± 0.24 0.99 ± 0.02 0.336 31oC

75% 32.4 ± 0.59 32.43 ± 0.32 0.99 ± 0.02 0.134 

45% 34.67 ± 0.94 34.33 ± 0.82 1.01 ± 0.04 0.951 

60% 33.77 ± 1.06 34.42 ± 1.53 0.99 ± 0.06 0.400 34oC

75% 35.14 ± 0.54 34.81 ± 0.48 1.01 ± 0.02 0.477 
a Mean ± SD 
b Student’s t test
c p-value < 0.05 
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(p-value < 0.05) Scheffé’s

45% 22 25oC

(p-value = 0.116)

(p-value < 0.05)

one-way ANOVA (

4-49) 34oC 60 75%

(p-value = 0.046)

one-way

ANOVA ( 4-50) (p-value < 0.001)

one-way ANOVA (

4-51) 31oC 60 75%

(p-value = 0.046)

4-94

WBGT WBGT SBFC



27
8

4-
49

(
)

(o C
)

(%
)

(s
ki

n 
te

m
pe

ra
tu

re
)

a

O
ne

-w
ay

 A
N

O
VA

22
o C

Sc
he

ff
é’

s 
25

o C
Sc

he
ff

é’
s 

28
o C

Sc
he

ff
é’

s 
31

o C
Sc

he
ff

é’
s 

34
o C

Sc
he

ff
é’

s 

 
F-

va
lu

e
p-

va
lu

e 
 

 
p-

va
lu

e
 

 
p-

va
lu

e
 

 
p-

va
lu

e
 

 
p-

va
lu

e
 

 
p-

va
lu

e

22
o C

 
2.

53
4

0.
10

7 
45

%
 

60
%

0.
19

6
45

%
60

%
0.

60
2

45
%

60
%

0.
95

3
45

%
60

%
0.

39
3

45
%

60
%

0.
23

1 

25
o C

 
1.

41
5

0.
26

9 
 

75
%

0.
16

3
 

75
%

0.
81

3
 

75
%

0.
98

8
 

75
%

0.
45

6
 

75
%

0.
65

9 

28
o C

 
0.

04
8

0.
95

3 
60

%
 

75
%

0.
99

3
60

%
75

%
0.

27
4

60
%

75
%

0.
95

5
60

%
75

%
0.

99
3

60
%

75
%

0.
04

6 b

31
o C

 
1.

20
8

0.
32

2 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

34
o C

 
3.

78
7

0.
04

2 b
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

a
on

e-
w

ay
 A

N
O

V
A

Sc
he

ff
é’

s
b

p-
va

lu
e 

< 
0.

05
 



27
9

4-
50

(
)

(%
)

(o C
)

(s
ki

n

te
m

pe
ra

tu
re

)
a

O
ne

-w
ay

 A
N

O
VA

 
45

%
Sc

he
ff

é’
s

 
60

%
Sc

he
ff

é’
s

 
75

%
Sc

he
ff

é’
s

 
F-

va
lu

e 
p-

va
lu

e 
 

 
p-

va
lu

e 
 

 
p-

va
lu

e 
 

 
p-

va
lu

e

45
%

 
16

9.
77

4 
< 

0.
00

1 b
22

o C
 

25
o C

 
0.

00
1 b

 
22

o C
 

25
o C

 
< 

0.
00

1 b
22

o C
 

25
o C

 
< 

0.
00

1 b

60
%

 
10

7.
23

3 
< 

0.
00

1 b
 

28
o C

 
< 

0.
00

1 b
 

28
o C

 
< 

0.
00

1 b
 

28
o C

 
< 

0.
00

1 b

75
%

 
28

2.
29

5 
< 

0.
00

1 b
 

31
o C

 
< 

0.
00

1 b
 

31
o C

 
< 

0.
00

1 b
 

31
o C

 
< 

0.
00

1 b

 
 

 
34

o C
 

< 
0.

00
1 b

 
34

o C
 

< 
0.

00
1 b

 
34

o C
 

< 
0.

00
1 b

 
 

25
o C

 
28

o C
 

< 
0.

00
1 b

25
o C

 
28

o C
 

0.
00

4 b
 

25
o C

 
28

o C
 

< 
0.

00
1 b

 
 

 
31

o C
 

< 
0.

00
1 b

 
31

o C
 

< 
0.

00
1 b

 
31

o C
 

< 
0.

00
1 b

 
34

o C
 

< 
0.

00
1 b

 
34

o C
 

< 
0.

00
1 b

 
34

o C
 

< 
0.

00
1 b

 
 

 
28

o C
 

31
o C

 
< 

0.
00

1 b
28

o C
 

31
o C

 
< 

0.
00

1 b
28

o C
 

31
o C

 
< 

0.
00

1 b

 
 

 
 

34
o C

 
< 

0.
00

1 b
 

34
o C

 
< 

0.
00

1 b
 

34
o C

 
< 

0.
00

1 b

 
 

 
31

o C
 

34
o C

 
< 

0.
00

1 b
31

o C
 

34
o C

 
0.

06
3 

31
o C

 
34

o C
 

< 
0.

00
1 b

a
on

e-
w

ay
 A

N
O

V
A

Sc
he

ff
é’

s
b

p-
va

lu
e 

< 
0.

05
 



28
0

4-
51

(
)

(o C
)

(%
)

(s
ki

n

te
m

pe
ra

tu
re

)
a

O
ne

-w
ay

 A
N

O
VA

22
o C

Sc
he

ff
é’

s 
25

o C
Sc

he
ff

é’
s 

28
o C

Sc
he

ff
é’

s 
31

o C
Sc

he
ff

é’
s 

34
o C

Sc
he

ff
é’

s 

 
F-

va
lu

e
p-

va
lu

e 
 

 
p-

va
lu

e
 

 
p-

va
lu

e
 

 
p-

va
lu

e
 

 
p-

va
lu

e
 

 
p-

va
lu

e

22
o C

 
1.

20
6

0.
32

2 
45

%
 

60
%

0.
52

1
45

%
60

%
0.

86
7

45
%

60
%

0.
97

8
45

%
60

%
0.

01
7 b

45
%

60
%

0.
98

9 

25
o C

 
0.

70
8

0.
50

6 
 

75
%

0.
35

9
 

75
%

0.
81

1
 

75
%

0.
54

0
 

75
%

0.
01

9 b
 

75
%

0.
73

1 

28
o C

 
1.

03
6

0.
37

5 
60

%
 

75
%

0.
95

3
60

%
75

%
0.

50
7

60
%

75
%

0.
42

6
60

%
75

%
0.

99
8

60
%

75
%

0.
81

0 

31
o C

 
6.

79
8

0.
00

6 b
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

34
o C

 
0.

36
2

0.
70

1 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

a
on

e-
w

ay
 A

N
O

V
A

Sc
he

ff
é’

s
b

p-
va

lu
e 

< 
0.

05
 



281

4-94 (skin temperature)

(Wet-Bulb Globe Temperature Index, WBGT) (

) (a) ( ) (b)

( )

WBGT (oC)
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WBGT TEWL WBGT WBGT

(standard error) WBGT

4-95 WBGT

WBGT

y = 0.91x + 7.61   R2 = 0.82      (Eq. 4-125) 

WBGT

y = 0.92x + 7.37   R2 = 0.82      (Eq. 4-126)  

(p-value = 0.82) R2 0.82

SBFC TEWL

SBFC TEWL

4-96 TSV

TSV ( ) ( R2 = 0.75
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4-95 (skin temperature)

(Wet-Bulb Globe Temperature Index, WBGT)

(a) ( ) (b) ( )

WBGT (oC)
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4-96 (thermal sensation vote,TSV)

(skin temperature) (a)

( ) (b) ( )

Skin mtemp (oC)
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y = 0.29x – 7.64 
R2 = 0.75

y = 0.25x – 6.77 
R2 = 0.58
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R2 = 0.58) ( )

4.2.4

4-97

TEWL

( 22 25oC)

500 µS

28oC

25oC

( 200 µS 200

µS 200 µS

)

28oC

4-52
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4-97 (skin moisture) (indoor temp)

(relative humidity, RH) (

) (a) ( ) (b)

( )

Indoor temp (oC)
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4-52 ( ) ( )

(skin moisture) a

b

/ p-value

45% 241.11 ± 86.48 67.93 ± 30.12 4.17 ± 2.41 0.022 c

60% 305.89 ± 85.92 105.11 ± 23.81 3.01 ± 1.11 0.001 c22oC

75% 401.32 ± 107.78 149.82 ± 69.11 3.28 ± 2.03 0.215 

45% 297.43 ± 66.13 96.04 ± 35.04 3.47 ± 1.55 0.220 

60% 412.75 ± 108.10 138.57 ± 50.97 3.56 ± 2.3 0.015 c25oC

75% 464.64 ± 172.30 185.57 ± 91.37 3.03 ± 1.82 0.107 

45% 305.11 ± 83.12 120.25 ± 84.90 3.64 ± 2.52 0.693 

60% 488.39 ± 223.90 151.89 ± 85.97 4.03 ± 2.8 0.085 28oC

75% 518.61 ± 217.66 374.61 ± 232.69 1.77 ± 1.1 0.722 

45% 283.36 ± 102.99 126.64 ± 58.91 2.61 ± 1.46 0.040 c

60% 517.11 ± 242.52 301.50 ± 145.06 2.05 ± 1.32 0.384 31oC

75% 645.57 ± 326.33 676.82 ± 483.20 1.55 ± 1.39 0.186 

45% 505.75 ± 172.86 262.75 ± 207.85 3.00 ± 2.42 0.731 

60% 691.93 ± 348.82 561.61 ± 316.55 1.85 ± 1.82 0.863 34oC

75% 1036.11 ± 381.97 1011.32 ± 534.87 1.31 ± 0.85 0.281 
a Mean ± SD 
b Student’s t test
c p-value < 0.05 
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( 1.31-4.17) Student’s t test

(p-value = 0.838) one-way 

ANOVA Scheffé’s

(p-value < 0.001) ( 4-53)

( 22 25 28oC) ( 31 34 C)

( 4-54) 25 28oC

(p-value = 0.057 0.095)

(p-value < 0.001) Scheffé’s

(22 31 34oC) 45% 75%

75%

one-way ANOVA

( 4-55) (p-value
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< 0.05) Scheffé’s

( 31 34oC)

(p-value < 0.05)

one-way ANOVA ( 4-56) (

22 25oC)

Scheffé’s ( 28 31 34oC)

45 75%

(p-value 0.011 0.008 0.006)

4-98 WBGT

WBGT

WBGT 30.02oC( 34oC 75%)

WBGT

21.84oC( 31oC 45%)

WBGT WBGT

TEWL WBGT
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4-98 (skin moisture)

(Wet-Bulb Globe Temperature Index, WBGT) (

) (a) ( ) (b)

( )

WBGT (oC)
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4-99 WBGT

WBGT

y = 41.14x – 492.67   R2 = 0.38      (Eq. 4-127) 

WBGT

y = 52.34x – 943.48   R2 = 0.42   (Eq. 4-128) 

(p-value < 0.001)

4-100 TSV

(

) TSV( )



296

4-99 (skin moisture)

(Wet-Bulb Globe Temperature Index, WBGT)

(a) ( ) (b) ( )

WBGT (oC)
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4-100 (thermal sensation vote,TSV)

(skin moisture) (a) (

) (b) ( )

Skin moisture (	S)
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y = 2.12x – 0.30
R2 = 0.18

y = 2.05x – 0.17
R2 = 0.25
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4.2.5

4-101

28oC

60% (

3.3.3) (0.1 m/s) (0.8 m/s) (1.4 m/s)

(2.0 m/s)

4-102 SBFC

SBFC 25 PU

5-20 PU SBFC

( 0.8-2.0 m/s) SBFC

(p-value = 0.745) SBFC

( SBFC )

SBFC

4-103 TEWL

TEWL 16 g/m2/hr

TEWL 5-11 g/m2/hr TEWL
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4-101 (a) ( ) (b)

( )
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4-102 (skin blood flow change, SBFC)

28oC 60%

(a) ( ) (b) ( )

(m/s)
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4-103 (transepidermal water loss, TEWL)

28oC 60%

(a) ( ) (b) ( )

(m/s)
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(0.8-2.0 m/s) TEWL (p-value

= 0.916)

4-104

27-30oC

(p-value = 0.200)

4-105

(p-value < 

0.001) 900 μS

0-600 μS

(p-value = 0.888)

4.2.6 -

—SBFC TEWL

—

-
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4-104 (skin temperature) 28oC

60% (a) (

) (b) ( )

(m/s)
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4-105 (skin moisture) 28oC

60% (a) (

) (b) ( )

(m/s)
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4-106 SBFC
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4-106 (skin blood flow change, SBFC)
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4-109 (skin blood flow change, SBFC)
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31oC SBFC

SBFC

4-110 log log

4-111 4-112 4-110

4-58

r R2 R2

(R2 = 0.24)  R2 = 0.38

(p-value < 0.001)

28oC

(thermoregulatory system)

31 oC
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(

) ( 22-25oC)

4-113 log SBFC log 4-114

4-115 4-113

4-59 SBFC

r R2 R2

SBFC (R2 = 0.11)

R2 0.27

(p-value < 0.05)

4-108 4-111 4-114 28oC

SBFC

4-116 SBFC TEWL

SBFC 28oC
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4-113 (skin blood flow change, SBFC)
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4-114 (skin blood flow change, SBFC)
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4-116 (skin blood flow change, SBFC)
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SBFC TEWL
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4-117 log TEWL log 4-118

4-119 4-117

4-60 TEWL r

R2 R2

TEWL

TEWL (r = 0.85 R2 = 0.72)
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4-117 (transepidermal water loss, TEWL)
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4-118 (transepidermal water loss, TEWL)
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4-119 (transepidermal water loss, TEWL)
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TEWL (31

34oC) TEWL

TEWL

TEWL

4-120 log SBFC log TEWL 4-121

4-122 4-120

4-61 SBFC TEWL

r R2 R2

SBFC (R2 = 0.23)

R2 = 0.39

SBFC

(r = 0.62 R2 = 0.39)

(p-value < 0.05)

SBFC TEWL

28oC SBFC

TEWL
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4-120 (skin blood flow change, SBFC)
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4-121 (skin blood flow change, SBFC)
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TEWL

4-123 SBFC TEWL

SBFC 28oC

SBFC

28oC

TEWL 31oC

TEWL 34oC

4-124 log log TEWL 4-125

4-126 4-124

4-62 TEWL

r R2 R2

TEWL 0.7-1.2 g/m2/hr 2.2-2.8 µS

22 25 28 31oC

TEWL 0.6-1.2 

g/m2/hr log 1.5-2.8 µS 22

25 28oC 31oC 28oC
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4-123 (skin blood flow change, SBFC)
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4-124 (skin moisture)
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4-125 (skin moisture)
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4-126 (skin moisture)
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(a) ( ) (b) (

)

log TEWL (g/m2/hr)

0.6 0.8 1.0 1.2 1.4 1.6 1.8
1.4

2.1

2.8

3.5
45 % RH
60 % RH
75 % RH

0.6 0.8 1.0 1.2 1.4 1.6 1.8

log Skin moisture (	S)

1.4

2.1

2.8

3.5
45 % RH
60 % RH
75 % RH

(a)

(b)
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TEWL

31oC

(p-value < 0.001)

28 31oC

TEWL

TEWL

TEWL

SBFC

SBFC
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TEWL SBFC

SBFC

SBFC

( )

SBFC

4.2.7

two-way ANOVA

(SBFC TEWL

) 4-63

SBFC TEWL TSV

(SBFC F-value = 9.222, p-value < 0.001 TEWL F-value = 19.563, 

p-value < 0.001 F-value = 548.332, p-value < 0.001 TSV 

F-value = 67.441, p-value < 0.001)

( F-value = 12.862, p-value < 0.001

F-value = 16.623, p-value < 0.001)

4-64 TEWL
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4-63 ( ) a

(indoor temp) (relative humidity, 

RH) two-way ANOVA F-value p-value

  F-value p-value

indoor temp 9.222 < 0.001 b

RH 0.987 0.376 SBFC

indoor temp * RH 0.521 0.838 

indoor temp 19.563 < 0.001 b

RH 0.047 0.954 TEWL

indoor temp * RH 0.081 0.999 

indoor temp 548.332 < 0.001 b

RH 0.801 0.452 Skin temp 

indoor temp * RH 2.453 0.019 b

indoor temp 12.862 < 0.001 b

RH 16.623 < 0.001 bSkin moisture 

indoor temp * RH 1.216 0.299 

indoor temp 67.441 < 0.001 b

RH 2.128 0.125 TSV 

indoor temp * RH 1.123 0.356 

a (skin blood flow change, SBFC)

(transepidermal water loss, TEWL) (skin temp)

(skin moisture) (thermal sensation vote, TSV) 
b p-value < 0.05 
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4-64 ( ) a

(indoor temp) (relative humidity, 

RH) two-way ANOVA F-value p-value

  F-value p-value

indoor temp 17.562 < 0.001 b

RH 3.745 0.027 bSBFC

indoor temp * RH 1.606 0.134 

indoor temp 30.343 < 0.001 b

RH 0.600 0.551 TEWL

indoor temp * RH 0.841 0.569 

indoor temp 485.693 < 0.001 b

RH 0.066 0.936 Skin temp 

indoor temp * RH 1.179 0.321 

indoor temp 17.386 < 0.001 b

RH 20.850 < 0.001 bSkin moisture 

indoor temp * RH 3.053 0.004 b

indoor temp 53.414 < 0.001 b

RH 3.386 0.038 bTSV 

indoor temp * RH 2.189 0.035 b

a (skin blood flow change, SBFC)

(transepidermal water loss, TEWL) (skin temp)

(skin moisture) (thermal sensation vote, TSV) 
b p-value < 0.05 
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(TEWL F-value = 30.343, p-value < 0.001 F-value = 485.693, 

p-value < 0.001)

 SBFC( F-value = 17.562, p-value < 0.001 F-value

= 3.745, p-value = 0.027) ( F-value = 17.386, p-value < 

0.001 F-value = 20.850, p-value < 0.001) TSV(

F-value = 53.414, p-value < 0.001 F-value = 3.386, p-value = 

0.038)

(F-value = 2.453, p-value = 0.019

(F-value = 3.053, p-value = 0.004 TSV(F-value = 2.189, 

p-value = 0.035

( TSV SBFC)

4-65 SBFC TEWL

TSV
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(R2 = 0.949)

(p-value < 0.001) VIF

10

SBFC TEWL TSV

(slope 0.562 0. 626 0.974 0.824)

(slope 0.483 0.403)

two-way ANOVA

SBFC TEWL

SBFC TEWL
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4-66

SBFC

SBFC TEWL

TSV

TSV

(slope = 0.824)

4.2.8

4-67
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SBFC 25.27

PU 21.78 PU 36.02 PU 32.79 PU

14.38 PU 15.54 PU

SBFC

SBFC (

10 12 ) SBFC

TEWL

TEWL 58.79 g/m2/hr 77.27 g/m2/hr

20.50 g/m2/hr 29.57 g/m2/hr

11.42 g/m2/hr 12.71 g/m2/hr TEWL

( 2 )

37.29oC 36.96oC

32.88oC 32.92oC 28.95oC

28.08oC
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891.67 μS 838.53 μS

894.34 μS 872.77 μS 474.27

μS 288.70 μS (

)
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1.

( )

( )

2.

3.
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(

) (

)

4.

5.

( )

6.
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7. (

)

( )

8.

–

–

5.18 ± 1.41 ( 5.40 ± 1.40

4.58 ± 1.38)



353

–

SPF 30 (UVB ) PA+++ (UVA )

SPF PA

( )

UVI WBGT
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1.

(UVI)

(irradiance)

2.
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–

UVI

UVI 5.04 ± 1.52

UVI

(

UVA UVB

UVA UVB
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