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AD

AD/mass

ANP

ASG

%BF

Cl C2 C3

D1 D2

HR

LDF

%LDF

%LDF

2
Body surface area m

Body surface area-to-mass ratio cm’/kg
/
Atrial natriuretic peptide
Activated sweat glands  glands/cm’
Percentage of body fat %
Control group
Control 1, Control 2, and Control 3
1 2 3
First and second menstrual cycle after the training period
1 2
Mid-follicular phase
Frequency of sweat expulsions per minute sweat expulsions/min
Heart rate  beats/min
Mid-Iuteal phase
Skin blood flow measured by laser-Doppler flow mV

Percentage of resting skin blood flow %

Total integrated skin blood flow of measured body sites



MAP

MSF

NO

Pre

%RH

SEM

SET

SGO

SkBF

SR

SR

ATy

Mean arterial blood pressure mmHg

Mean skinfold thickness

Nitric oxide

Pre training

Percentage of relative humidity %

Standard error of means

Standard exercise test

Sweat gland output pg/gland/min

Skin blood flow ml/100ml/min %

Sweating rate mg/cmz/min

Total integrated sweating rate of measured body sites

Physically trained group

Mean body temperature °C

Esophageal temperature °C

Change in esophageal temperature from resting value

Rectal temperature °C

Change in rectal temperature from resting value °C

°C



Tex Mean skin temperature °C

Ty Local skin temperature °C

TWL Total weight loss  g/m*/h

TI T2 T3 First, second, and third menstrual cycle during the training period
1 2 3

U Physically untrained group

VIP Vasoactive intestinal polypeptide

VO, Oxygen uptake ml/kg/min

VO,max Maximal oxygen uptake ml/kg/min

%VO,max Percentage of maximal oxygen uptake %
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Kuwahara T, Inoue Y, Abe M, Sato Y, and Kondo N. Effects of menstrual cycle and physical
training on heat loss responses during dynamic exercise at moderate intensity in a temperate

environment. Am J Physiol Regul Integr Comp Physiol 288: R1347-R1353, 2005.
Kuwahara T, Inoue Y, Taniguchi M, Ogura Y, Ueda H, and Kondo N. Effects of physical training
on heat loss responses of young women to passive heating in relation to menstrual cycle. Eur J Appl

Physiol 94: 376-385, 2005.

Kuwahara T, Inoue Y, Hirata M, Shamsuddin AKM, and Kondo N. Enhanced heat loss responses

by short-term endurance training in exercising women. Physiol Behav (under review)

Kuwahara T, Inoue Y, and Kondo N. Sex differences in effects of physical training on heat loss

responses during a graded exercise. (in preparation)
Inoue Y, Tanaka Y, Omori K, Kuwahara T, Ogura Y, and Ueda H. Sex- and menstrual cycle-
related differences in sweating and cutaneous blood flow in response to passive heat exposure. Eur J
Appl Physiol 94: 323-332, 2005.

54:797-803,

2004.

24: 86-95, 2003.
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Figure 1. Change in annual mean ambient temperature in Japan (1901-2000). Bar graph indicated the dif-

Difference in ambient temperature (°C)

ference in change of annual mean ambient temperature from the mean ambient temperature which is the mean
value for 1971-2000. Tracing line shows the change mean for five years. Straight line shows a long-term ten-
dency. Modified the graph in the webpage of Meteorological Agency ‘climate fluctuation monitoring report
2004’. (http://www.data.kishou.go.jp/climate/cpdinfo/20th/1_2_2.htm)
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100 1°C
2002  Fig. 1
20
14.8% 4.5%
2001 Fig. 2

Johnson 1998  Armstrong and Maresh 1998
Wallace et al. 1982 Bullen et al. 1984

40+
(The estimation based on Cabinet Office ‘A public . . .
Figure 2. Change in a ratio of
opinion poll about physical fithess/sports activity’) . .
a person who participates in
357 physical exercise activity more
than one time each week.
< 30- Modified the graph in the web-
page of Ministry of Education,
Culture, Sports, Science and
25— —IF— Mean
e Men Techno- logy, Government of
—A— \Women Japan. (http://www.mext.go.jp/
20 | | | | | : : a_menu/sports/club/073.htm)
1982 1985 1988 1991 1994 1997 2000

Year
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Fig. 3

Van Beaumont and Bullard 1963 Gisolfi and Wenger
1984 Johnson 1986 Vissing and Hjortso 1996 Yamazaki et al. 1994a 1996 Takamataetal. 1998 Kondo

" Thermal factors Thermoregulatory
" Body temperature
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Figure 3. Schematic illustration of system for heat loss responses in human.
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etal. 2000 2001 Macketal. 1995 2001 Yanagimoto et al. 2002

SkBF
90%
Johnson 1992

1998

1998 VIP
ANP Yamashita et al. 1987
SkBF
NO
Joyner and Dietz 1997
Pergola et al. 1994
Kamijo et al. 2004

Rising skin temperature

S—

N

Slope

Sweating
Skin blood flow

(Sensitivity of heat loss responses)

Heat loss responses

Threshold

Body temperature

Mean body temperature
Esophageal temperature

Figure 4. Relationship between body temperature and heat loss responses. The threshold is that
temperature above which the effector responses are different from the baseline. The slope is
considered as the difference in the effector responses per unit change in body temperature. This

relationship is sifted to the left toward by rising skin temperature.
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Nadel et al. 1971

Wenger et al. 1975  Fig. 4
Tk Ty
SR
Nadel etal. 1971  Fig. 2 Ogawa and Bullard 1972
FSW
FSW st SR
FSW
Ogawa and Sugenoya 1993
SR Fw SR
2
12-14
40
1996 Fig.5
2.1.
HR Hirata et al. 1986 10
Pivarnik et al. 1992 2000
Minson et al. 2000 Cooke et al. 2002
Garlick and Bernauer 1968 Wells 1999 HR
HR
HR 1983
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0.2°C 0.3°C Stephenson and Kolka 1999 Charkoudian and Johnson 2000
0.3°C 0.5°C
Harvey and Crocket 1932 Hirataetal. 1986 Kolka and Stephenson 1989 1997 Grucza et al.
1993 Hessemer and Briick 1985a 1985b  Tenaglia et al. 1999 Charkoudian and Johnson 1997 1999a
1999b 2000 Fukuokaetal 2002 Fig.5
Tenaglia et al.

1999 Charkoudian and Johnson 1999a Houghton et al. 2005

Tes Stachenfeld et al. 2000
Tre Marrone et al. 1976
Te 0.6°C Nakayama et al. 1975

Brooks-Asplund et al. 2000
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Figure 5. Plasma levels of progesterone and estrogen, and resting body temperature during

the menstrual cycle. In this schematic, the menses occur between day 0 and 5.
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0.5°C

60kg 30kcal 24 72
1 0.5kcal
Stephenson etal. 1982 1 2 8 14 20 26
VO,
Tes 0.5kcal/h
Charkoudian and Johnson 2000
2.2.
2.2.1.
Frascarolo etal. 1990 28°C 40% 40%RH 90
SkBF Hessemer and Briick 1985a
30 18°C 59°C SR SkBF
Charkoudian et al. 1999
34°C 32°C 42°C 38-40°C 40-42°C
SkBF
Haslag and Hertzman 1965 3 25°C 45°C
1 45°C 43.3°C 3
4 SR SkBF
SR SkBF
NO
Hayashi etal. 1995 Pintoetal. 1997 Gerhardtetal. 2000 Gerhardtetal. 2000
2
SkBF 10-39 pg/mi
NO
Engelke et al. 1996 NO
NO
Sarrel 1999
NO Houghton etal. 2005 NO
SkBF
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2.2.2.

Kolka and Stephenson 1989 Hessemer and

Briick 1985a  Charkoudian and Johnson 1997

Kolka and Stephenson 1989
Tes SR
Hessemer and Briick 1985a

Tp SR SkBF

2.3.

2.3.1.
Pivarnik etal. 1992
65-70% 60

Tenagliaetal. 1999
40°C  30%RH 15

Kolka and Stephenson 1989
35 SR
Brick 1985b
SR
25°C 55%RH

450kpm/min 40-60%V0O,max

150 300kpm/min

18°C 50%RH

50°C 14%RH 3
18°C 59°C
22.3°C 60%RH VO;max
Tre HR
15
35°C 25%RH 80%VO,max

Hessemer and
80%VO,max 15
Fukuoka et al. 2002

150kpm/min  10-15%VO,max  300kpm/min 40-50%V0O,max

30
SR 300kpm/min
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Horvath and Drinkwater 1982

3 28°C 12.6torrvp 35°C 28torrvp 48°C 8.7 torrvp ~30%V0O,max
2 28°C T
35°C 48°C
SR Fukuoka etal. 2002  Horvath

and Drinkwater 1982

Stachenfeld et al. 2000

35°C  30%RH 60%V0O,max
40 20
SR
3 SR
4
2.3.2.
Stephenson and Kolka 1993
Stephenson and
Kolka 1999
35°C 50°C - 60-85%V0O,max
Tes SR SkBF
Stephenson and Kolka 1985 1999 Kolka and Stephenson 1989
Stachenfeld et al. 2000  25°C Gruczaetal. 1993 Fukuoka et al. 2002
25°C 50-55%RH  50%VO;max Tre SR
Grucza et al. 1993
Fukuoka et al. 2002
Grucza et al. 1993 Chang et al. 1998 25°C
50%V0O,max
20°C Hessemer and Briick 1985b
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18°C 50%RH 80%V0O,max
Hirataetal. 1986 20°C

Hirataetal. 1986

Johnson et al. 1995

SR
40% 70%V0O,max
Hessemer and Briick 1985b Ty SR
TES

Johnson and

Proppe 1996
Ty Te SR
80% Hessemer and Briick 1985b 50%V0O,max Grucza et al. 1993
Tre SkBF
80%VO,max Hessemer and Briick 1985b 85%
50-60%V0O,max Kolka and Stephenson 1989 Stephenson and Kolka 1985

Stachenfeld et al. 2000 Tes SR

SkBF

Tes Kolka and Stephenson 1989  Stephenson and Kolka 1985 Stachenfeld et al. 2000 Tre

Grucza et al. 1993 Fukuoka et al. 2002
Hessemer and Briick 1985b

Tre

Tes

Ty

Tes Tre Tsk Tb
Tre Tb

Hessemer and Briick

1985a 1985b Tankersley etal. 1992 O'Brien et al. 1998

Tre Tb
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3.1

Fujimoto and Watanabe 1969 2000
VO,max 20% Drinkwater 1973
VO,max
Byrd et al. 1977 Drinkwater et al. 1976 Gisolfi and Cohen 1979
Buono and Sjoholm 1988

HR Kobayashi et al. 1980 HR
Wells 1999
Kobayashi et al. 1980
Graham et al. 1989
Avellini et al. 1980 Frye and Kamon 1981
Avellini et al. 1980 Frye and Kamon 1981

HR
3.2
3.2.1.
38°C 47%RH
19.0-23.0°C  46-83%RH

43°C

Kawahata 1960

Bittel and Henane 1975 45°C  34%RH 90 120

Tre Tek SR
SR
Drinkwater 1986 Haymes 1984

Haslag and Hertzman 1965 25°C 45°C
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SR
Drinkwater 1986 Haymes 1984

3.2.2.
Kobayashi et al. 1980 32°C  40%RH 2 42°C
Te SR
VO,max
SkBF
3.3.
3.3.1
Morimoto et al. 1967 43°C  30%RH 90
TWL
35°C 81%RH
SR VO,max Byrd et al. 1977 Drinkwater et al. 1976 Gisolfi et al.
1979 Buono and Sjoholm 1988 SR
VO,max 20% Drinkwater 1973
TWL
Morimoto et al. 1967 VO,max
21°C 50%RH 76%V0,max SR
Davies 1979 36°C 75%RH
SR
Avellini et al. 1980 Frye and Kamon 1981 36°C  75%RH 10
SR Avellini et al. 1980
SR
Stephenson and Kolka 1993 Avellini et al. 1980
HR Te
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Davies 1979

SR SR
Horstman et al. 1982 SR Frye and Kamon 1981 SR

SR SR Avellini
etal. 1980 Araki et al. 1981 Frye and Kamon 1981 36°C 75%RH

48°C  15%RH 30%VO,max SR
36°C 75%RH 48°C 15%RH
SR

3.3.2.

Roberts etal. 1977 Nadel etal. 1978 25°C 22%RH 60-70%V0O,max

12-15

Nadel etal. 1978

30°C 60%V0O,max 35

Kolka et al. 1987

SR
SR
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4.1.

1986
1990 VO,max 5% 30%
1993 VO,max 50%V0O,max
1993
HR 1993 HR
1 1 49°C 20%RH
1.4m/s 110 / 9 Pandolf et al. 1977
1 Williams et
al. 1967 Shvartz et al. 1974 Buono et al. 1998 Patterson et al. 2004
Zakas et al. 1994
Keizer et al. 1989
Bullen et al. 1984 2001
2001
4.2.
42.1.
a.
Kobayashi etal. 1976 2 45°C  45-48%RH
SR
Te Tp
Kobayashi et al. 1976 Hori 1977 30°C  70%RH 90
42°C SR
Tre
Araki etal. 1980 Matsushita and Araki 1980 30°C 60-70%RH
42.3-43°C 60 SR
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1988
SR
SR ASG
NO
NO
b.
Yamazaki et al. 1994b 4-10
25°C  35%RH
30 SR
SR
Yamauchi et al. 1997 6
23°C  60%RH 80W
SR T Fsw

Bouno and Sjoholm 1988
SR
Fritzsche and Coyle 2000
23-24°C  50%RH 50%
20

SkBF
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Bouno and Sjoholm

SGO

Boeglietal. 2003

Tes

70%

SR

35%V0O,max
SR Tb st st

30

90%V0O,max



4.2.2.
a.
3
30 110%VO,max
45°C 25%RH

18-20°C  44-50%RH
60
Tre SR

25%V0O,max
30°C  40%RH

Henane et

al. 1977 Yamazaki and Hamasaki 2003
6 36°C 50%RH 50%V0O,max 20
4 / T ~38.5°C 45
b.
Nadel etal. 1974 10 22°C 20%RH 70-80%V0O,max
60 / 25°C 60-70%V0O,max
15 Tes SR
Robertsetal. 1977 10 25°C
20%RH 75%V0O,max 60 / 25°C
60-70%V0O,max 12-15 SR SkBF
8 4
2
18 18°C ~70%RH
50-80%V0O,max / 30°C 50%RH 60%V0O,max
Okazaki et al. 2002 Takeno etal. 2001 10 30°C
50%RH 60%VO,max 30 2 / 30°C 50%RH
60%VO,max 30-40 SkBF

50%V0O,max

Petterson et al. 2004 3

90 /
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16

Hofler

90

1968 35

40

Cotter et al.

1.4°C

W/m?/°C

Cotter et al.

60-80%HRmMax

Thomas et al.

35°C  75%RH

39.8°C 50%RH

1997
70

21.5°C 67.7%RH

1997
6

6

Patterson et al.

6

SR
30-60 /
1999
Buonoetal. 1998 7
50%VO,max 25
Tre
Tre
Buono et al. 1998
36.5°C  65%RH 8kpm/sec
1 35 SR
Shvartz etal. 1979 8
50%V0O,max 120
SR
39.5°C 59.2%RH
SR
2004 3
SR
Hofler 1968 Shvartz etal. 1979
Shvartz etal. 1974 12
85%V0O,max 60
Tre SR
4-5
Patterson et al. 2004
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4.3.
43.1.

32°C 40%RH

b.
Araki etal. 1981

981 483kgm/min

4.3.2.

42°C Tre

Kobayashi et al. 1980  Kobayashi et al.

SkBF
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Kobayashi et al.

30°C 60%RH
TWL
Tre

SR

1980

1980



b.

Nadel et al. 1978 4 10 25°C 22%RH
75%V0O,max 60 / 25°C 60-70%V0O,max
15 Tes SkBF
Tes SkBF
10 35°C 80%RH
50%VO,max 60 /
Tes SR
2 Nadel etal. 1978 10
3

Fortney and Senay 1979 Araki et al. 1981 Armstrong et al. 2005  Fortney and Senay 1979

2 4 HR 140 /
90 / 2 4
45°C  30%RH 30%V0O,max 90 /
45°C  30%RH 45
40%VO,max TWL
Arakietal. 1981 60 7-9 8km
30°C 60%RH 120 981kgm/min

-30-



Armstrong etal. 2005 2 -3.9°C

36-37°C 33-37%RH 50-85%V0O,max 90 /
22.5°C 20 45%V0,max
15-20% VO,max Pandolf 1979  Fortney and Senay
1979  Arakietal. 1981 Armstrong et al. 2005 15.0%
9.4% VO,max
15% VO,max
4.4,
Williams etal. 1967 4
34°C 89%RH VO, 1L 4-5 / 1 2 3
2 Tre
40% HR SR 80% Pandolf et al. 1977 9
49°C 20%RH 1.34m/s 110
/ 3 6 12 18 18
Tre 18% HR 29%
5
5.1.

50-60%V0O,max
1990
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Taylor et al. 1988 21.1°C 50%RH 75W 200W
Montain et al. 1995 30°C 50%RH 25% 45% 65%V0O,max
50 Kondo etal. 1998 28.3°C 42.6%RH 35%
65%V0O,max 30
Montain et al. 1995 25% 45%
65%V0O,max Kondo etal. 1998
50% 65%V0,max
Taylor etal. 1988 Kondo etal. 1998
Tayloretal. 1988
0.8°C Kondo et al. 1998
65%V0,max
35% 65%V0,max
Kondo et al. 1998 90%VO,max
Smolander et al. 1991 Hirata et al. 1983
40-60%RH 20% 35% 45%V0,max 60
Tes
Fukuoka et al. 2002 Tre SR

150kpm/min 10-15%V0O,max

5.2.
Horvath and Drinkwater 1982
48°C 30%VO,max

300kpm/min  40-50%V0O,max
30

50 2
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25°C  55%RH

50%

35%

20°C

450kpm/min  40-60%V0O,max

35°C

28°C
28°C
48°C

35°C
Tsk



5°C 36°C

Nielsen 1938 2002

5.3.

al. 1997 Takamata et al. 1997 8.7%

65-70%V0O,max 30 TWL

TES SR

Fortney et al. 1981b Fortney etal. 198la

30%RH 60%VO,max 30

15.9% 35°C HR 120-130 /

SR

et al. 1978 Kaulhausen et al. 1978
Kaulhausen et al. 1978 Stephenson et al. 1989

Tre HR

Buono and Wall 2000

Harrison 1985 Nose et
30°C 40%RH

10% 35°C
Tes

Nishiyasu etal. 1991
60

1997
Kaulhausen

Gray et al. 1968

Turner and Fortney 1984 Fortney et al. 1994

Turner and Fortney 1984  Stephenson and Kolka 1988 1993 Stephenson et

al. 1989 Stachenfeld et al. 1999a 1999b 2001 Calzone et al. 2001

173

- Helmer and Griffith 1952

Landau and Lugibihl 1958 Laidlaw et al. 1962
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Nagashima et al. 1998 200ml
Nose et al. 1990
Stephenson and Kolka 1988 210ml
Stachenfeld etal. 1999 2001 200-300ml

Takamata et al. 1997
Stachenfeld et al. 1999

Convertino
etal. 1980 Mack etal. 1987 Fellmann 1992 Sawkaetal. 2000 Convertino etal. 1980 8
25°C  60%RH 65%V0,max 120 /
12.1% 427ml Mack et al. 1987 VO,max

Tes SkBF Crandall et al. 1999 SR
Shibasaki et al. 2003

5.4.

HR 1999

HR
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Johnson and Park 1981 Kellogg etal. 1991

Johnson and Park 1981 Johnson etal. 1974
5.5.
0.2°C 0.5°C Kleitman and Ramsaroop 1948 Rothchild and Barnes 1952 Stephenson and
Kolka 1985 Kleitman and Ramsaroop 1948 Aschoff

and Heise 1972 Wenger etal. 1976 Stephenson and Kolka 1985 Aoki et al. 1998  Stephenson and Kolka

1985 Tes
2 4 16 35°C
1.73kPa 60%VO,max 30
Tes 4 36.76°C 16 37.17°C 4 37.06°C 16 37.48°C
4 16 0.72°C Tes
25

Stephenson and Kolka 1985 1993
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1
Stephenson and Kolka 1993
2
2
Kawahata 1960
Drinkwater 1973
1967
3

Kobayashi et al. 1980 Araki et al

. 1981
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1 Patterson et al. 2004
Stephenson and Kolka 1988 Stephenson
and Kolka 1993

Zakas et al. 1994

9 Fig. 6

Sex Menstrual cycle

Chapter 5 (Chapter 4)
Expt. 11-1, 11-2 Expt. I-1, I-2

Characteristic of heat loss
responses in women
Chapter 9

Summary

Chapter 8
Expt.V

Physical training
Chapter 6 and 7

Expt. 111-3, IV

Figure 6. The experimental constitution of doctoral dissertation.
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I-1
1
2
2.1.

3
2.2.
3
6-9
2 4

10

I-1

Table I-1-1

6-9

Table 1-1-1. Physical characteristics of subject.

Variables
Age (yr) 21.0+0.1
Height (cm) 161.1+1.9
Mass (kg) 553+1.5
AD (m?) 1.53 +0.02
AD/Mass (cm?kg) 279.1 £4.0
MSF (mm) 159+1.0
%BF (%) 17.6 £ 1.6
VO,max (ml/kg/min) 40.7+14

Values are means £+ SEM for 10 young untrained
women. AD: body surface area, MSF: mean skinfold
thickness, %BF: percentage of body fat, VO,max:

maximal oxygen uptake.
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28°C 45%RH TABAI ESPEC ,

EZ-101-MCU13 40
30°C  45%RH
42°C 60
2.3.
20°C  45%RH T
4 5
VO,max 50rpm
HR VO, Morgan
AX1595 Breath by Breath 1 VO,
HR 190 / 2000
VOzmax
Scc
RIA
Mettler-Toledo(Albstadt)GmbH D-72458Albstadt 5g
AD
AD m’ = kg > cm  *><0.008883 Fujimoto and Watanabe 1969
6
MSF
=1.0913 0.00116>< Nagamine and Suzuki 1964
% = 4.570/ 4.142 >100 Brozek et al. 1963
SR LDF Tre T
Few ASG TWL HR
SR LDF 5 SR
2 11.94cm’ 7.065cm’
1.5L/min
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Vaisara HMP133Y SR LDF
Advance ALF21
LDF SR BIOPAC Systems MP100WS
Apple Power Macintosh 7600/200 S50Hz
1 Fow Inoue et al. 1999 LDF
%LDF
T 8-10cm Ty
7 Takara
Logger EPSON PC-286LS 15
Tek Ty
Tk °C ><0.07+ >=0.18+ >=0.17+ ><0.15+ ><0.05+ ><0.25+
T, °C T1e><0.8+T><0.2
ASG Inoue et al. 1991 Inoue and Shibasaki 1996
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Figure 1-1-1. Plasma levels of estrone, estradiol, and progesterone during mid-follicular and mid-luteal

phase experiments in untrained women. Values are means + SEM.

* Significantly different from mid-follicular phase of menstrual cycle, p<0.05.
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Figure 1-1-2. The time courses of heart rate (HR), mean arterial blood pressure (MAP), rectal
temperature (T,.), change in rectal temperature (AT,.), mean skin temperature (Tg), and mean body
temperature (T,) during lower leg immersion in mid-follicular and mid-luteal phase experiments in
young untrained women. Values are means + SEM.

* Significantly different between mid-follicular and mid-luteal phases of menstrual cycle, p<0.05.
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Figure 1-1-3. The time courses of local skin temperature (Ty) on the forehead, chest, back, forearm, and
thigh during lower leg immersion in mid-follicular and mid-luteal phase experiments in young untrained

women. Values are means = SEM.

- 44 -



Fig. I-1-5 Table I-1-2 T,

Fow Ty
Fow Fig. I-1-6 Table I-1-3 F,, SR
Fig. I-1-7 Table I-1-4
SR ASG SGO
Fig. I-1-8 TWL
186 + 11 186 + 18 g/m*/h
A Follicular
08 A Luteal
.8- 1.6
| Mean Forehead
(Forehead, Chest, Back,
Forearm, and Thigh)
0.8+
| Chest 0.8 Back
.’é\ -
E
£
L
)]
E
(14
n
0.8+ 0.8+
| Forearm | Thigh
0.6 0.6
0.0+ | ILowelr leg ilmmerlsion : | 0.0 | ILowtler leg Iimme['sion : |I

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time (min)

Figure 1-1-4. The time courses of sweating rate (SR) on the forehead, chest, back, forearm, and thigh,

and the mean value of each body site during lower leg immersion in mid-follicular and mid-luteal phase

experiments in young untrained women. Values are means + SEM.

-45 -



%LDF %LDF

%LDF Fig. I-1-9
Fig. I-1-10
Table I-1-5
4
I-1 SR
%LDF

Tre Tb
Stephenson and Kolka 1985, 1993; Stachenfeld et al. 2000
Tre Marrone et al. 1976
A Follicular
A Luteal
0.6 mean A
(Forehead, Chest, Back, A A
Forearm, and Thigh) § r
7] A A AA
—_ N A
= AN
£ 04 A NS
o A Ve
L - A
o AA A
= 02 “ ‘
14 -
o - s A
A
_ AR y
0.0 T T T T T 1
36.8 37.0 37.2
Ty (°C)

Figure 1-1-5. Relationship between mean body temperature (Ty) and sweating rate (SR) of mean
value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion in

mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 10 young untrained

women.
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Table 1-1-2. The onset of mean body temperature (T,) for sweating
(Threshold Ty) and sensitivity of the relationship between Ty, and sweating

rate at each body site.

F L
Threshold Ty, (°C)
Forehead 36.84 £0.07 37.10 £ 0.06 *
Chest 36.83 £ 0.08 37.12+£0.06 *
Back 36.85+0.06 37.11+£0.06 *
Forearm 36.83 £0.08 37.14 £ 0.06 *
Thigh 36.84 +£0.08 37.11 £0.06 *
Mean 36.83 £ 0.06 37.10+0.06 *

(Forehead, Chest, Back, Forearm, and Thigh)
Sensitivity ((mg/cm?min)/°C)

Forehead 2.23+0.38 3.61+0.97
Chest 0.94+0.13 1.24+0.25
Back 1.02+0.19 1.42+0.29
Forearm 0.54 +0.09 1.00 +£0.25
Thigh 0.78 £0.51 1.07 £0.72
Mean 1.06+0.18 1.65+0.37

(Forehead, Chest, Back, Forearm, and Thigh)
Values are means + SEM for 10 young untrained women in mid-follicular (F)

and mid-luteal (L) phase experiments.

* Significantly different from mid-follicular phase, p<0.05.

Nakayama et al. 1975

Brooks-Asplund et al. 2000
0.3°C
0.5°C Charkoudian and Johnson 2000 Stephenson and Kolka
1993
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Table 1-1-3. The onset of mean body temperature (Ty) for sweating
(Threshold Ty) and sensitivity of the relationship between Ty, and frequency of

sweat expulsions.

F L
Threshold T, (°C)
36.70 £ 0.09 36.99 +£0.08 *
Sensitivity ((sweat expulsions/min)/°C)
48.0+ 8.8 50.1 £6.7

Values are means = SEM for 10 young untrained women in mid-follicular (F)
and mid-luteal (L) phase experiments.

* Significantly different from mid-follicular phase, p<0.05.

TWL SR SkBF
Lehtovirta 1982 Kolka and Stephenson 1989 SR
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Figure 1-1-6. Relationship between mean body temperature (T,) and frequency of sweat
expulsions (Fgy) during lower leg immersion in mid-follicular and mid-luteal phase experiments.

Values are means for 10 young untrained women.
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Table 1-1-4. Sensitivity of the relationship between frequency of sweat

expulsion and sweating rate at each body site.

F L
Sensitivity ((mg/cm?min)/(sweat expulsions/min))
Forehead 0.113+£0.023 0.112+0.022
Chest 0.051 £0.009 0.046 £ 0.007
Back 0.054 £ 0.009 0.053 £0.008
Forearm 0.034 £ 0.007 0.035 £ 0.007
Thigh 0.059 £0.005 0.036 £0.005
Mean 0.062 +£0.011 0.056 £0.010

(Forehead, Chest, Back, Forearm, and Thigh)
Values are means £ SEM for 10 young untrained women in mid-follicular

(F) and mid-luteal (L) phase experiments.
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Figure 1-1-7. Relationship between frequency of sweat expulsion (Fy,) and sweating rate (SR) of
mean value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion

in mid-follicular and mid-luteal phase experiments. Values are means for 10 young untrained women.
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Figure 1-1-8. Sweating rate (SR),
active sweat glands (ASG), and sweat
gland output (SGO) on the forehead,
chest, back, forearm, thigh, and mean
value of each body site from 50 to 54
min of lower leg immersion in
mid-follicular and mid-luteal phase

experiments. Values are means + SEM.
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Figure 1-1-9. The time courses of skin blood flow (%LDF) on the forehead, chest, back, forearm, and
thigh, and the mean value of each body site during lower leg immersion in mid-follicular and mid-luteal
phase experiments in young untrained women. Values are means + SEM.

* Significantly different between mid-follicular and mid-luteal phases of menstrual cycle, p<0.05.
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Figure 1-1-10. Relationship between mean body temperature (T},) and skin blood flow (%LDF) of mean
value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion in

mid-follicular and mid-luteal phase experiments. Values are means for 10 young untrained women.
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Table 1-1-5. The onset of mean body temperature (Ty) for vasodilation

(Threshold Ty) and sensitivity of the relationship between Ty, and skin blood

flow at each body site.

F L
Threshold Ty, (°C)
Forehead 36.75 £ 0.08 37.04 +£0.07 *
Chest 36.80 +£0.07 37.03 £0.09 *
Back 36.79 £ 0.07 37.04 £0.06 *
Forearm 36.73 £ 0.08 37.03 £0.08 *
Thigh 36.78 £ 0.07 37.06 £ 0.06 *
Mean 36.77 £ 0.07 37.04 +£0.07 *
(Forehead, Chest, Back, Forearm, and Thigh)
Sensitivity (%/°C)
Forehead 510+ 75 888 £224
Chest 675 £ 147 741 £ 130
Back 575 +£90 943 £ 129 *
Forearm 1464 + 346 1697 + 283
Thigh 2486 + 441 2705 + 529
Mean 1142 + 220 1395 £259

(Forehead, Chest, Back, Forearm, and Thigh)

Values are means = SEM for 10 young untrained women in mid-follicular

(F) and mid-luteal (L) phase experiments.

* Significantly different from mid-follicular phase, p<0.05.
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10 Table I-2-1
-1 2.1. P39
2.2.
3 6-9
6-9
10 6 4 5 4 10 11
9 12 13 16
Table 1-2-1. Physical characteristics of subject.
Variables
Age (yr) 21.1+£0.3
-1 22. P39 Height (cm) 1595+ 1.7

Mass (kg) 522423
AD (m?) 1.48 +0.03
AD/Mass (cm?/kg) 286.2+6.0
MSF (mm) 15.0+1.6
%BF (%) 17.7+14
VO,max (ml/kg/min) 36.7+ 1.1

25°C  45%RH Values are means = SEM for 10 young untrained

P.40 women. AD: body surface area, MSF: mean skinfold
thickness, %BF: percentage of body fat, VO,max:

maximal oxygen uptake.
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Figure 1-2-1. Plasma levels of estrone, estradiol, and progesterone during mid-follicular and mid-luteal
phase experiments in young untrained women. Values are means + SEM.

* Significantly different from mid-follicular phase of menstrual cycle, p<0.05.
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Figure 1-2-2. The time courses of heart rate (HR), mean arterial blood pressure (MAP), esophageal
temperature (T), change in esophageal temperature (AT), mean skin temperature (Ty), and mean body
temperature (Tp) during 50%VO,max cycle exercise in mid-follicular and mid-luteal phase experiments
in young untrained women. Values are means + SEM.

* Significantly different between mid-follicular and mid-luteal phases of menstrual cycle, p<0.05.
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Figure 1-2-3. The time courses of local skin temperature (Ty) on the chest, back, forearm, and thigh
during 50%VO,max cycle exercise in mid-follicular and mid-luteal phase experiments in young untrained
women. Values are means + SEM.

* Significantly different between mid-follicular and mid-luteal phases of menstrual cycle, p<0.05.
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Figure 1-2-4. The time courses of sweating rate (SR) on the chest, back, forearm and thigh, and the
mean value of each body site during 50%VO,max cycle exercise in mid-follicular and mid-luteal phase
experiments in young untrained women. Values are means + SEM.

* Significantly difference between mid-follicular and mid-luteal phase of menstrual cycle, p<0.05.
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Figure 1-2-5. Relationship between esophageal temperature (T.;) and sweating rate (SR) of mean
value for each body site (chest, back, forearm, and thigh) during cycling exercise at 50%VO,max in

mid-follicular and mid-luteal phase experiments. Values are means for 10 young untrained women.
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Table 1-2-2. The onset of esophageal temperature (T.) for sweating

(Threshold T.s) and sensitivity of the relationships between sweating rate

and T, at each body site.
F L
Threshold Tes (°C)
Chest 37.09 £ 0.08 37.43 £0.08 *
Back 37.08 £0.12 37.38 £0.09 *
Forearm 37.06 + 0.08 37.39+£0.08 *
Thigh 37.02 +0.08 37.36 £0.09 *
Mean 37.00 + 0.07 37.37+0.08 *

(Chest, Back, Forearm, and Thigh)
Sensitivity ((mg/cm?/min)/°C)

Chest 0.82 £ 0.30 0.54+£0.12 *
Back 1.34+0.16 091+0.19 *
Forearm 0.54 £ 0.08 0.41 £0.06 *
Thigh 0.72 £ 0.09 0.59+0.11

Mean 0.84+0.12 0.57+0.10 *

(Chest, Back, Forearm, and Thigh)
Values are means = SEM for 10 young untrained women in mid-follicular

(F) and mid-luteal (L) phase experiments.

* Significantly different from mid-follicular phase of menstrual cycle,

p<0.05.
Fukuoka
et al. 2002 Grucza et al. 1993 Fukuoka et al. 2002
Grucza et al. 1993
Tes
Tes Tankersley et al. 1992

O'Brien et al. 1998
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Table 1-2-3. The onset of mean body temperature (T,) for sweating

(Threshold T,) and sensitivity of the relationship between T, and

frequency of sweat expulsions.

F L
Threshold Ty, (°C)
36.48 +£0.08 36.88+0.07 *
Sensitivity ((sweat expulsions/min)/°C)
27.1+2.5 25.6+2.7

Values are means + SEM for 10 young untrained women in mid-follicular

(F) and mid-luteal (L) phase experiments.

* Significantly different from mid-follicular phase of menstrual cycle,

p<0.05.

Nadel et al. 1978
VOzmax
Lebrun et al. 1995
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Figure 1-2-6. Relationship between mean body temperature (T,) and frequency of sweat

expulsions (Fy,) during 50%VO,max cycle exercise in mid-follicular and mid-luteal phase

experiments. Values are means for 10 young untrained women.
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Table 1-2-4. Sensitivity of the relationship between frequency of

sweat expulsion and local sweating rate at each body site.

F L
Sensitivity ((mg/cm?/min)/(sweat expulsions/min))
Chest 0.030 = 0.007 0.024 +0.005
Back 0.048 £0.010 0.036 + 0.006
Forearm 0.018 +0.004 0.014 +0.002
Thigh 0.029 £ 0.005 0.020 £ 0.003
Mean 0.030 £ 0.005 0.026 = 0.004

(Chest, Back, Forearm, and Thigh)
Values are means + SEM for 10 young untrained women in

mid-follicular (F) and mid-luteal (L) phase experiments.
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Nose et al. 1990 Mack et al. 2001
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Figure 1-2-7. Relationship between frequency of sweat expulsion (Fyy) and local sweating rate (SR)
of mean value for each body site (chest, back, forearm, and thigh) during 50%VO,max cycle exercise

in mid-follicular and mid-luteal phase experiments. Values are means for 10 young untrained women.
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Figure 1-2-8. Sweating rate (SR), active
sweat glands (ASG), and sweat gland
output (SGO) on the chest, back, forearm,
and mean value of each body site from 24
to 29 min of 50%VO,max cycle exercise in
mid-follicular and  mid-luteal phase
experiments. Values are means + SEM.

* Significantly different from mid-follicular

phase of menstrual cycle, p<0.05.
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Figure 1-2-9. The time courses of skin blood flow (%LDF) on the chest, back, and forearm, and the
mean value of each body site during 50%VO,max cycle exercise in mid-follicular and mid-luteal phase
experiments in young untrained women. Values are means = SEM.

* Significantly difference between mid-follicular and mid-luteal phase of menstrual cycle, p<0.05.
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Figure 1-2-10. Relationship between esophageal temperature (T,s) and skin blood flow (%LDF) of
mean value for each body site (chest, back, and forearm) during cycling exercise at 50%VO,max in

mid-follicular and mid-luteal phase experiments. Values are means for 10 young untrained women.
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Table 1-2-5. The onset of esophageal temperature (Te) for vasodilation
(Threshold Te) and sensitivity of the relationships between T, and skin
blood flow at each body site.

F L
Threshold Tes (°C)
Chest 37.07 £0.08 3742 +£0.07 *
Back 37.05+0.09 37.39 £0.07 *
Forearm 37.08 £ 0.08 3742 £0.06 *
Mean 37.03 £ 0.06 3740 £0.07 *
(Chest, Back, and Forearm)
Sensitivity (%/°C)
Chest 748 £ 220 242 £ 55 *
Back 1017 £ 303 417 £ 68
Forearm 674 £ 128 325+5] *
Mean 705 +221 238 £49 *

(Chest, Back, and Forearm)

Values are means + SEM for 10 young untrained women in mid-follicular
(F) and mid-luteal (L) phase experiments.
* Significantly different from mid-follicular phase of menstrual cycle,

p<0.05.

10 25°C 45%RH
50%VO,max 30

Tes SR
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II-1
2
2.1.
I-1 10 6 Table I1-1-1
-1 2.1. P39
2.2.
-1 22. P39-40
2 1
-1 22. P39
Table 11-1-1. Physical characteristics of each group.
Variables Women Men
Age (yr) 21.0+0.1 23.8+1.7
Height (cm) 161.1+1.9 1746 £ 1.1 *
Mass (kg) 553+1.5 73.1+£1.9*
AD (m?) 1.53 +0.02 1.83 +0.02 *
AD/Mass (cm?/kg) 279.1+4.0 2512+3.6%
MSF (mm) 159+ 1.0 9.7+1.1%
%BF (%) 17.6+ 1.6 127+1.4%*
VO_,max (ml/kg/min) 40.7+ 1.4 46.9 £4.7

Values are means £ SEM for 10 young untrained women and 6 young untrained men. The women
carried out this experiment in mid-follicular (F) and mid-luteal (L) phases. AD: body surface area,
MSF: mean skinfold thickness, %BF: percentage of body fat, VO,max: maximal oxygen uptake.

* Significantly different between women and men, p<0.05.
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2.3.

I-1  2.3. P40-41

2.4.
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Figure 11-1-1. The time courses of heart rate (HR), mean arterial blood pressure (MAP), rectal
temperature (T,), change in rectal temperature (AT,.), mean skin temperature (Ty), and mean body
temperature (T,) during lower leg immersion in young untrained women and men. The women carried
out this experiment in mid-follicular and mid-luteal phases. Values are means + SEM.

* Significantly different between women and men, p<0.05.
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Figure 11-1-2. The time courses of local skin temperature (Ty) on the forehead, chest, back, forearm, and

thigh during lower leg immersion in young untrained women and men. The women carried out this
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experiment in mid-follicular and mid-luteal phases. Values are means + SEM.
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Table II-1-1

Fig. I-1-1 P42
Tre Ty
HR MAP Tre AT, Ty Ty
T, Fig. 1I-1-1
A Follicular
A Luteal
® Men

Mean

1.0 Forehead
‘Y7 (Forehead, Chest, Back, .

Forearm, and Thigh)

0.8+

0.6+
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Figure 11-1-3. The time courses of sweating rate (SR) on the forehead, chest, back, forearm, and thigh, and
the mean value of each body site during lower leg immersion in young untrained women and men. The

women carried out this experiment in mid-follicular and mid-luteal phases. Values are means + SEM.

* Significantly different between women and men, p<0.05.
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Figure 11-1-4. Relationship between mean body temperature (T,) and sweating rate (SR) of
mean value for each body site (forehead, chest, back, forearm, and thigh) during lower leg
immersion in young untrained women and men. The women carried out this experiment in

mid-follicular and mid-luteal phases. Values are means for 10 young untrained women and 6

young untrained men.
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II-1-5

Table 11-1-2. The onset of mean body temperature (T,) for sweating (Threshold Ty)

and sensitivity of the relationship between Ty, and sweating rate at each body site.

Women
F L Men
Threshold T, (°C)
Forehead 36.84 £ 0.07 37.10£0.06 "*  36.88+0.08
Chest 36.83 +0.08 37.12£0.06 ™ 36.91+0.07
Back 36.85+0.06 37.11£0.06 ™*  36.91+0.07
Forearm 36.83 +0.08 37.14+£0.06 " 36.94+0.07
Thigh 36.84 +0.08 37.11£0.06 ™*  36.91+0.08
Mean 36.83 + 0.06 37.10+0.06 ™*  36.89+0.07
(Forehead, Chest, Back, Forearm, and Thigh)
Sensitivity ((mg/cm*min)/°C)
Forehead 1.88+0.42 * 2.03+0.31* 3.91+0.88
Chest 0.86+0.16 * 0.87 +0.15 * 1.86 + 0.48
Back 0.90 + 0.20 0.95 +0.20 1.76 £ 0.51
Forearm 0.48+0.08 * 0.53 +£0.09 * 1.47+£0.20
Thigh 0.66 + 0.14 0.77 £ 0.14 0.93 +0.32
Mean 0.91+0.19 * 1.08 £0.15 * 1.76 + 0.28

(Forehead, Chest, Back, Forearm, and Thigh)

Values are means + SEM for 10 young untrained women and 6 young untrained men.
The women carried out this experiment in mid-follicular (F) and mid-Iuteal (L) phases.
* Significantly different between women and men, p<<0.05.

" Significantly different from mid-follicular phase, p<0.05.

Fig. 1I-1-7

186+ 11 186+ 18 253+ 17 g/m*h
%LDF
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Figure 11-1-5. Relationship between mean body temperature (Tp) and frequency of sweat
expulsions (Fgy) during lower leg immersion in young untrained women and men. The women

carried out this experiment in mid-follicular and mid-luteal phases. Values are means for 10 young

Table 11-1-3. The onset of mean body temperature (T,) for sweating (Threshold T)

and sensitivity of the relationship between T, and frequency of sweat expulsions.

Women
F L Men

Threshold Ty, (°C)
36.70 £ 0.09 36.99 +0.08 ' 36.74 £ 0.04 *
Sensitivity ((sweat expulsions/min)/°C)
48.0+8.8 50.1£6.7 56.0+3.3

Values are means + SEM for 10 young untrained women and 6 young untrained men.
The women carried out this experiment in mid-follicular (F) and mid-luteal (L)
phases.

* Significantly different from mid-luteal phase, p<0.05.

" Significantly different from mid-follicular phase, p<0.05.

SR
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untrained women and 6 young untrained men.
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Table 11-1-4. Sensitivity of the relationship between frequency of sweat expulsion

and sweating rate at each body site.

Women
F L Men
Sensitivity ((mg/cm?/min)/(sweat expulsions/min))
Forehead 0.113 £0.023 0.112 £0.022 0.157 £0.036
Chest 0.051£0.009 *  0.046+0.007 * 0.086+0.014
Back 0.054 £ 0.009 0.053 £0.008 0.067 = 0.008
Forearm 0.034£0.007 *  0.035£0.007 *  0.062 £ 0.008
Thigh 0.059 £ 0.005 0.036 = 0.005 0.046 = 0.007
Mean 0.062 £0.011 * 0.056 £ 0.010 * 0.084 £0.015

(Forehead, Chest, Back, Forearm, and Thigh)
Values are means = SEM for 10 young untrained women and 6 young untrained men.

The women carried out this experiment in mid-follicular (F) and mid-luteal (L) phase.

* Significantly different between women and men, p<0.05.

/ VO,max
0.84 Mean A Follicular
(Forehead, Chest, Back, Forearm, and Thigh) A Luteal
® Men
z 0.6 0
E “°
3 0.4- o 0?‘
£ A
5 ool Poptaat
@ %
0.2 A
YV A® 0T
0.0 , , : : : ,

0 2 4 6 8 10 12

Fsw (sweat expulsions/min)

Figure 11-1-6. Relationship between frequency of sweat expulsion (Fgy) and sweating rate (SR) of
mean value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion
in young untrained women and men. The women carried out this experiment in mid-follicular and

mid-luteal phases. Values are means for 10 young untrained women and 6 young untrained men.
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SR

TWL

Figure 11-1-7. Sweating rate (SR),
active sweat glands (ASG), and
sweat gland output (SGO) on the
forehead, chest, back, forearm, thigh,
and mean value of each body site
from 50 to 54 min of lower leg
immersion in young untrained
women and men. The women carried
out this experiment in mid-follicular
and mid-luteal phases. Values are
means = SEM.

* Significantly different from men,

p<0.05.
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Figure 11-1-8. The time courses of skin blood flow (%LDF) on the forehead, chest, back, forearm, and

thigh, and the mean value of each body site during lower leg immersion in young untrained women and

men. The women carried out this experiment in mid-follicular and mid-luteal phases. Values are means +

SEM.

* Significantly different between women and men, p<<0.05.
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Figure 11-1-9. Relationship between mean body temperature (Ty) and skin blood flow (%LDF) of mean
value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion in young
untrained women and men. The women carried out this experiment in mid-follicular and mid-luteal

phases. Values are means for 10 young untrained women and 6 young untrained men.
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Table 11-1-5. The onset of mean body temperature (Ty,) for vasodilation (Threshold Ty)

and sensitivity of the relationship between T, and skin blood flow at each body site.

Women
F L Men
Threshold Ty, (°C)
Forehead 36.75 = 0.08 37.04+0.07" 36.84 = 0.08
Chest 36.80 + 0.07 37.03+0.09 " 36.87 + 0.07
Back 36.79 + 0.07 37.04 +0.06 " 36.84 +0.07
Forearm 36.73 £ 0.08 37.03+£0.08" 36.86 = 0.08
Thigh 36.78 = 0.07 37.06+0.06 " *  36.84 £ 0.08
Mean 36.77 = 0.07 37.04+0.07 " 36.85 +0.08

(Forehead, Chest, Back, Forearm, and Thigh)
Sensitivity (%/°C)

Forehead 510+ 75 888 + 224 762 + 188
Chest 675 £ 147 741 £ 130 1017 £ 194
Back 575 +90 943 £ 129" 888 + 252
Forearm 1464 + 346 1697 + 283 2849 + 679
Thigh 2486 + 441 * 2705 + 529 * 956 + 198
Mean 1142 + 220 1395 + 259 1294 + 302

(Forehead, Chest, Back, Forearm, and Thigh)
Values are means = SEM for 10 young untrained women and 6 young untrained men.

The women carried out this experiment in mid-follicular (F) and mid-luteal (L) phases.
* Significantly different between women and men, p<0.05.

¥ Significantly different from mid-follicular phase, p<0.05.

SR

Shastry et al. 1998 Kellogg et al. 1999

and/or

Inoue et al. 1998

-79 -



SR

30°C  45%RH

%LDF T,

%LDF

%LDF

SR

60

-80 -

42°C

Ty

10

SR T,

1:SW

FSW



II-2

Horvath and Drinkwater 1982
4 1-2 VO,max 50%

Morimoto et al. 1967

1I-2 50%VO,max 3
2
2.1.
10 9 Table
I1-2-1 I-1  2.1. P39
2.2.
1
9 10
I-1 22. P39

Table 11-2-1. Physical characteristics of each group.

Variables Women Men

Age (yr) 21.0+0.2 21.1+04
Height (cm) 1620+1.3 1742 +£1.7*
Mass (kg) 52.0+2.8 643+34%
AD (m?) 1.50 + 0.04 1.72 +£0.05 *
AD/Mass (cm?*kg) 2904+ 7.4 270.9+ 6.9
MSF (mm) 148 +1.1 95+1.7%
%BF (%) 159+25 133+£23
VO,max (ml/kg/min) 429+1.2 472+14

Values are means + SEM for 10 young untrained women and 9 young untrained men. AD: body
surface area, MSF: mean skinfold thickness, %BF: percentage of body fat, VO,max: maximal
oxygen uptake. The women carried out this experiment in mid-follicular phase.

* Significantly different between women and men, p<0.05.
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Table 11-2-2. The absolute exercise intensity (W) and absolute exercise intensity

per mass (W/kg) of each exercise stage.

Women Men
35%VO,max (W) 45.1+3.1 58.8+2.6*
(W/kg) 0.87 +0.05 0.93 +0.06
50%VO,max (W) 73.4+3.8 92.8+3.1*%
(W/kg) 1.42£0.05 1.47 +£0.07
65%VO,max (W) 101.6 4.9 1262 +4.3 *
(W/kg) 1.97 £ 0.06 1.99 +0.08

Values are means £ SEM for 10 young untrained women and 9 young untrained
men. The women carried out this experiment in mid-follicular phase.

* Significantly different between women and men, p<0.05.

-1 22. P68 30°C  45%RH
40
35% 50% 65%V0O,max
20 60 VO,max

2.3.
I-1  2.3. P40-41
2.4.
+ SEM 5
Ty
SR
p<0.05
3
/ VO,max
Table 1I-2-1  35% 50% 65%VO,max Watts
1kg Watts/kg
Table II-2-2
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Figure 11-2-1. Changes in heart rate (HR), mean arterial blood pressure (MAP), rectal temperature
(Ty), change in rectal temperature (AT,), mean skin temperature (Tg), and mean body temperature (Ty)
at rest and each exercise intensity (35%, 50%, and 65%V0O,max) in young untrained women and men.

The women carried out this experiment in mid-follicular phase. Values are means = SEM.
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Figure 11-2-2. Changes in local skin temperature (Ty) on the forehead, chest, back, forearm, and thigh

at rest and each exercise intensity (35%, 50%, and 65%VO,max) in young untrained women and men.

The women carried out this experiment in mid-follicular phase. Values are means + SEM.

* Significantly different between women and men, p<0.05.
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Figure 11-2-3. Change in sweating rate (SR) on the forehead, chest, back, forearm, and thigh, and the
mean value of each body site at each exercise intensity (35%, 50%, and 65% VO,max) in young
untrained women and men. The SR increased significantly with the increase in exercise intensity
regardless of body site and group. The women carried out this experiment in mid-follicular phase.
Values are means = SEM.

* Significantly different between women and men, p<0.05.
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and sweating rate at each body site.

Table 11-2-3. The slopes for relationships between relative exercise intensity

Women Men
Slope ((mg/cm?min)/W)
Forehead 0.028 + 0.003 0.044 + 0.005
Chest 0.018 £0.002 0.028 +£0.004
Back 0.024 £0.004 0.026 +0.004
Forearm 0.018 £0.002 0.019 +0.002
Thigh 0.010 £0.001 0.024 £0.013
Mean 0.020 = 0.002 0.026 +0.003

(Forehead, Chest, Back, Forearm, and Thigh)

Values are means + SEM for 10 young untrained women and 9 young

untrained men. The women carried out this experiment in mid-follicular

phase.
TWL
348 + 27 g/m*/h
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Fig. 11-2-6
SR %LDF

SR SR

ASG SGO 50% 65% SR

ASG SGO
%LDF
35.544.9 SD ml/kg/min 21 47.6+5.6
2000
47.2+1.4 SEM

42.2+1.1 ml/kg/min

MSF

- 86 -



ASG (glands/cm?)

76%VO,max SR

Davies 1979 SR
SR SR ASG
SGO
Fujimoto and Watanabe 1969 ASG
SGO
A Women
130, Mean 240- Forehead ® Men
(Forehead, Chest, Back,
Forearm, and Thigh) 7
110 200
4 . %
90 160- %
70 120 :/‘/‘
50_ 80—
130+
Chest 1301 Back
110- 110
4 ] %
90 90 *
70 704
50- 50
130- 130-
Forearm Thigh
110 110
90+ 90- *
70- 70
501 . . 50— . T
35 50 65 35 50 65
Intensity (% VO.max)

Figure 11-2-4. Changes in active sweat glands (ASG) on the forehead, chest, back, forearm, and thigh,

and the mean value of each body site at each exercise intensity (35%, 50%, and 65%VO,max) in young

untrained women and men. Although the ASG increased significantly with the increase in exercise

intensity in women, it did not increase significantly from 50% to 65%VO,max in men. The women

carried out this experiment in mid-follicular phase. Values are means + SEM.

* Significantly different between women and men, p<<0.05.
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Figure 11-2-5. Changes in sweat gland output (SGO) on the forehead, chest, back, forearm, and thigh,
and the mean value of each body site at each exercise intensity (35%, 50%, and 65%V0O,max) in young
untrained women and men. The SGO increased significantly with the increase in exercise intensity
regardless of body site and group. The women carried out this experiment in mid-follicular phase.
Values are means = SEM.

* Significantly different between women and men, p<0.05.
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Figure 11-2-6. Changes in skin blood flow (%LDF) on the forehead, chest and forearm, and the mean
value of each body site at each exercise intensity (35%, 50%, and 65% VO,max) in young untrained
women and men. The women carried out this experiment in mid-follicular phase. Values are means +

SEM.
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I-1  2.1. P39

Table 111-1-1. Physical characteristics of each group.

Variables U group T group
Age (yr) 20.6+0.2 20.5+0.3
Height (cm) 160.2+1.7 1602+ 1.6
Mass (kg) 54.1+14 529+1.5
AD (m?) 1.51+0.03 1.49 +0.03
AD/Mass (cm?kg) 280.5 +4.1 2842 +32
MSF (mm) 15.6+0.9 11.8+0.8 *
%BF (%) 172+13 143+1.0
VO,;max (ml/kg/min) 39.2+1.1 53.84+23*

Values are means = SEM for 13 untrained (U) and 11 trained (T) women. AD: body surface area,
MSF: mean skinfold thickness, %BF: percentage of body fat, VO,max: maximal oxygen uptake.
* Significantly different between U and T groups, p<0.05.
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Figure I11-1-1. Plasma levels of estrone, estradiol, and progesterone during mid-follicular and

mid-luteal phase experiments in untrained (U) and trained (T) women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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2.4.
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Figure I11-1-2. The time courses of heart rate (HR), mean arterial blood pressure (MAP), rectal
temperature (T,), change in rectal temperature (AT,), mean skin temperature (Ty), and mean body
temperature (T,) during lower leg immersion in mid-follicular (F) and mid-luteal (L) phase
experiments in untrained (U) and trained (T) women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-1-3. The time courses of local skin temperature (Ty) on the forehead, chest, back, forearm, and
thigh during lower leg immersion in mid-follicular (F) and mid-luteal (L) phase experiments in untrained
(U) and trained (T) women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure I11-1-4. The time courses of sweating rate (SR) on the forehead, chest, back, forearm, and thigh
the mean value of each body site during lower leg immersion in mid-follicular (F) and mid-luteal (L)
phase experiments in untrained (U) and trained (T) women. Values are means = SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-1-5. Relationship of mean body temperature (T)

and sweating rate (SR) of mean

value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion in

mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 13 untrained (U)

and 11 trained (T) women.
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Table 111-1-2. The onset of mean body temperature (T}) for sweating (Threshold Ty) and sensitivity of the

relationships between sweating rate and Ty, at each body site.

U group T group
F L F L
Threshold T, (°C)
Forehead 36.84 £0.06 37.03+£0.08 ' 36.58 £0.06 * 36.68 £0.07 *
Chest 36.85+0.07 37.07+0.07 36.63 £0.05 * 36.70 £0.06 *
Back 36.83 £ 0.07 37.06 £0.07 ' 36.64 £0.05 * 36.70 £0.07 *
Forearm 36.84 £ 0.07 37.10+0.07 ' 36.64 £0.06 * 36.72 £0.06 *
Thigh 36.84 £0.06 37.06 £0.07 ' 36.59 £0.06 * 36.66 +£0.06 *
Mean 36.84 £0.06 37.06 +0.07 ' 36.62 +£0.05 * 36.69 +£0.06 *
(Forehead, Chest, Back, Forearm, and Thigh)
Sensitivity ((mg/cm*min)/°C)
Forehead 2.29+0.46 3.70+0.83 3.46+0.55 3.27+0.98
Chest 1.24 +0.20 1.52+0.23 1.97 £0.51 1.43+£0.23
Back 1.36 £0.28 2.35+0.52 1.66 +£0.28 1.85+0.22
Forearm 0.71+£0.11 1.38 +£0.50 1.09+£0.22 1.09+0.16
Thigh 0.83£0.17 1.28 £0.24 1.14+0.34 0.99+0.16
Mean 1.29+£0.24 2.05+0.46 1.86 £0.38 224 +£0.35

(Forehead, Chest, Back, Forearm, and Thigh)

Values are means = SEM for 13 untrained (U) and 11 trained (T) women in mid-follicular (F) and
mid-luteal (L) phase experiments.
* Significantly different between U and T groups, p<0.05.

t Significantly different from mid-follicular phase of menstrual cycle, p<0.05.

-1 SR T U
%LDF

21 VO,max 35.544.9 SD ml/kg/min

2000 U 42.2+1.1 SEM ml/kg/min
T VO,max 57.7£2.3 SEM ml/kg/min U

2
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Table 111-1-3. The onset of mean body temperature (Ty,) for sweating (Threshold Ty,) and sensitivity of the

relationship between T}, and frequency of sweat expulsions.

U group T group
F L F L
Threshold Ty, (°C)
36.83 +£0.07 37.03+0.08 36.58 £0.05 * 36.61 £0.05 *
Sensitivity ((sweat expulsions/min)/°C)
304+4.6 39.3+4.5 559+5.7 484+42

Values are means = SEM for 13 untrained (U) and 11 trained (T) women in mid-follicular (F) and
mid-luteal (L) phase experiments.
* Significantly different between U and T groups, p<0.05.

' Significantly different from mid-follicular phase of menstrual cycle, p<0.05.
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Figure 111-1-6. Relationship between mean body temperature (Tp) and frequency of sweat
expulsions (Fgy) during lower leg immersion in mid-follicular (F) and mid-luteal (L) phase

experiments. Values are means for 13 untrained (U) and 11 trained (T) women.
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Table 111-1-4. Sensitivity of the relationship between frequency of sweat expulsion and sweating rate at

each body site.

U group T group
F L F L
Sensitivity ((mg/cm?/min)/(sweat expulsions/min))
Forehead 0.132 + 0.021 0.114 £0.012 0.144 + 0.020 0.187 £ 0.029 *
Chest 0.058 +0.009 0.053 +0.006 0.080 + 0.006 0.091 £ 0.008 *
Back 0.068 +0.010 0.060 = 0.007 0.095+0.011 0.107 +£0.010 *
Forearm 0.041 +0.008 0.033 +0.004 0.058 = 0.008 0.073 £0.008 *
Thigh 0.044 = 0.006 0.044 + 0.004 0.036 + 0.002 0.049 £+ 0.006
Mean 0.069 = 0.009 0.061 £+ 0.005 0.082 + 0.006 0.102 £ 0.007 *

(Forehead, Chest, Back, Forearm, and Thigh)

Values are means = SEM for 13 untrained (U) and 11 trained (T) women in mid-follicular (F) and
mid-luteal (L) phase experiments.

* Significantly different between U and T groups, p<0.05.
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Figure 111-1-7. Relationship between frequency of sweat expulsion (Fg,) and sweating rate (SR) of
mean value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion
in mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 13 untrained (U) and

11 trained (T) women.
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Figure 111-1-8. Sweating rate (SR), active sweat glands (ASG), and sweat gland output (SGO) on the

forehead, chest back forearm, thigh, and mean value of each body site from 50 to 54 min of lower leg

immersion during mid-follicular (F) and mid-luteal (L) phase experiments in untrained (U) and trained

(T) women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure I11-1-9. The time courses of skin blood flow (%LDF) on the forehead, chest, back, forearm,
and thigh, and the mean value of each body site during lower leg immersion during mid-follicular (F)
and mid-luteal (L) phase experiments in untrained (U) and trained (T) women. Values are means +

SEM.
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Figure 111-1-10. Relationship between mean body temperature (Ty,) and skin blood flow (%LDF) of

mean value for each body site (forehead, chest, back, forearm, and thigh) during lower leg immersion

during mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 13 untrained (U)

and 11 trained (T) women.
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Table 111-1-5. The onset of mean body temperature (Ty,) for vasodilation (Threshold Ty) and sensitivity of

the relationships between Ty, and skin blood flow at each body site.

U group T group
F L F L
Threshold Ty, (°C)
Forehead 36.75+0.06 36.97+0.08 36.53+£0.06 * 36.59+£0.07 *
Chest 36.79 £ 0.06 36.98+0.09 36.57+£0.07 * 36.63 £0.06 *
Back 36.83 £ 0.06 36.97+0.07 " 36.58 £ 0.06 * 36.64 +£0.07 *
Forearm 36.74 £ 0.06 3721+0.16 " 36.57+0.06 * 36.65+0.08 *
Thigh 36.76 £ 0.06 36.95+0.08 36.53+£0.06 * 36.57+£0.07 *
Mean 36.77 £ 0.06 37.02+0.10 36.56 £0.07 * 36.62+0.07 *
(Forehead, Chest, Back, and Forearm)
Sensitivity (%/°C)
Forehead 447 + 64 877 £ 220 553+ 118 474 + 69
Chest 538 £96 857+ 192 521+ 120 547 £ 107
Back 553+ 60 882+ 111 839+ 150 893 £ 160
Forearm 1186 £ 266 1826 £ 282 1386 £ 266 1507 + 347
Thigh 2016 + 342 2232 + 325 1990 + 370 1839 £ 196
Mean 948 £ 166 1335+ 226 1058 + 205 1052+ 176

(Forehead, Chest, Back, and Forearm)

Values are means = SEM for 13 untrained (U) and 11 trained (T) women in mid-follicular (F) and
mid-luteal (L) phase experiments.
* Significantly different between U and T groups, p<0.05.

¥ Significantly different from mid-follicular phase of menstrual cycle, p<0.05.
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Table 111-2-1. Physical characteristics of each group.

1I-1

Table 111-2-1

Variables U group T group
Age (yr) 21.1+0.3 20.0+04
Height (cm) 159.5+1.7 156.0+2.0
Mass (kg) 522423 51.2+23
AD (m?) 1.48 +0.03 1.45 +0.04
AD/Mass (cm?kg) 286.2 £ 6.0 284.7+5.0
MSF (mm) 150+ 1.6 10.6 +0.9 *
%BF (%) 177+ 1.4 142 +1.1
VO,;max (ml/kg/min) 36.7+ 1.1 494+ 14*

Values are means = SEM for 10 untrained (U) and 7 trained (T) women. AD: body surface area,

MSF: mean skinfold thickness, %BF: percentage of body fat, VO,max: maximal oxygen uptake.

* Significantly different between U and T groups, p<0.05.
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Figure I11-2-1. Plasma levels of estrone, estradiol, and progesterone during mid-follicular and

mid-luteal phase experiments in untrained (U) and trained (T) women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-2-2. The time courses of heart rate (HR), mean arterial blood pressure (MAP), esophageal
temperature (Tes), change in esophageal temperature (AT,s), mean skin temperature (Tg), and mean
body temperature (T}) during cycling exercise at 50%VO,max in mid-follicular (F) and mid-luteal (L)
phase experiments in untrained (U) and trained (T) women. Values are means = SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-2-3. The time courses of local skin temperature (Ty) on the chest, back, forearm, and thigh

during cycling exercise at 50%VO;max in mid-follicular (F) and mid-luteal (L) phase experiments in

untrained (U) and trained (T) women. Values are means = SEM.
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Figure 111-2-4. The time courses of sweating rate (SR) on the chest, back, forearm, and thigh, and the
mean value of each body site during cycling exercise at 50%VO,max in mid-follicular (F) and
mid-luteal (L) phase experiments in untrained (U) and trained (T) women. Values are means = SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-2-5. Relationship of esophageal temperature (T.s) and sweating rate (SR) of mean value for
each body site (chest, back, forearm, and thigh) during cycling exercise at 50%VO,max in

mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 10 untrained (U) and 7

trained (T) women.
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Table 111-2-2. The onset of esophageal temperature (T,s) for sweating (Threshold T.) and sensitivity of

the relationships between sweating rate and T at each body site.

U group T group
F L F L
Threshold T (°C)
Chest 37.09 +0.08 37.43+0.08 " 37.01 = 0.07 37.11 £0.11 *
Back 37.08 +0.12 37.38+0.09 36.95 +0.08 36.99 = 0.09
Forearm 37.06 +0.08 37.39+0.08 " 37.05+0.08 37.17+0.09
Thigh 37.02 +0.08 37.36£0.09 36.98 = 0.07 37.08 £0.12
Mean 37.00+0.07 37.37+0.08 ' 36.99 +0.07 37.10+0.11 *
(Chest, Back, Forearm, and Thigh)
Sensitivity ((mg/cm?min)/°C)
Chest 0.82 +0.30 054+0.12" 1.34+0.18 * 1.30+£0.12 *
Back 1.34+0.16 091+0.19 " 2.25+032% 237+028*
Forearm 0.54 + 0.08 0.41+0.06 " 0.85+0.19 0.82+0.15 *
Thigh 0.72 + 0.09 0.59+0.11 0.88 + 0.08 0.87 + 0.04
Mean 0.84+0.12 057+0.10 " 1.26+0.15* 1.14+0.14 *

(Chest, Back, Forearm, and Thigh)

Values are means + SEM for 10 untrained (U) and 7 trained (T) women in mid-follicular (F) and mid-luteal
(L) phase experiments.
* Significantly different between U and T groups, p<0.05.

¥ Significantly different from mid-follicular phase of menstrual cycle, p<0.05.

T U VO,max MSF Table
1I-2-1 21 VO,max 355449 SD ml/kg/min
2000 U 36.7£1.1 SEM ml/kg/min
19 VO,max
7 3 1 7 1992 U
3 T 5 T U
1986 1990 T U
U T
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Table 111-2-3. The onset of mean body temperature (T}) for sweating (Threshold T}) and sensitivity of the

relationship between T, and frequency of sweat expulsions.

U group T group

Threshold T, (°C)
36.48 +£0.08 36.88+0.07 ' 36.46 £ 0.08 36.44 £0.16 *
Sensitivity ((sweat expulsions/min)/°C)
27.1+£2.5 25.6+2.7 30.0+4.8 259+44

Values are means + SEM for 10 untrained (U) and 7 trained (T) women in mid-follicular (F) and mid-luteal
(L) phase experiments.
* Significantly different between U and T groups, p<0.05.

t Significantly different from mid-follicular phase of menstrual cycle, p<0.05.
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Figure 111-2-6. Relationship between mean body temperature (Tp) and frequency of sweat
expulsions (F,,) during cycling exercise at 50%VO,max in mid-follicular (F) and mid-luteal (L)

phase experiments. Values are means for 10 untrained (U) and 7 trained (T) women.
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Table 111-2-4. Sensitivity of the relationship between frequency of sweat expulsion and sweating rate at

each body site.

T group

Sensitivity ((mg/cm?/min)/(sweat expulsions/min))

Chest
Back
Forearm
Thigh
Mean

U group
F L
0.030 £ 0.007 0.024 £ 0.005
0.048 £0.010 0.036 = 0.006
0.018 £ 0.004 0.014 £ 0.002
0.029 £ 0.005 0.020 = 0.003
0.030 = 0.005 0.026 + 0.004

0.062 + 0.008 *
0.103+0.011 *
0.035 + 0.006 *
0.041 £ 0.004

0.060 + 0.006 *

0.070 +£0.011 *
0.122 +£0.020 *
0.043 + 0.006 *
0.049 + 0.005 *
0.070 + 0.008 *

(Chest, Back, Forearm, and Thigh)

Values are means + SEM for 10 untrained (U) and 7 trained (T) women in mid-follicular (F) and mid-luteal

(L) phase experiments.

* Significantly different between U and T groups, p<0.05.

2 T
T
Bullenetal. 1984 I11-1
U T
T U T U
_ A U-F
Mean A U-L
0 6— (Chest, Back, Forearm, and Thigh) o O T-F
) ﬁ ® TL
A L
E e 0X®
c 0.4- 900 o
L° Q).
=z ADLON
E i o ¢ % ﬁ
14 [ ] A\
» 0.2 4L
" O
' AAA@A
i A A A
0 T T T T T 1

Fsw (sweat expulsions/min)

Figure 111-2-7. Relationship between frequency of sweat expulsion (Fg,) and sweating rate (SR) of
mean value for each body site (chest, back, forearm, and thigh) during cycling exercise at 50%VO,max
in mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 10 untrained (U) and

7 trained (T) women.
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Figure 111-2-8. Sweating rate (SR), active sweat glands (ASG), and sweat gland output (SGO) on the
chest, back, forearm, and thigh, and mean value of each body site from 24 to 29 min of cycling
exercise in mid-follicular (F) and mid-luteal (L) phase experiments in untrained (U) and trained (T)
women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-2-9. The time courses of skin blood flow (%LDF) on the chest, back, and forearm, and the
mean value of each body site during cycling exercise at 50%VO,max in mid-follicular (F) and
mid-luteal (L) phase experiments in untrained (U) and trained (T) women. Values are means = SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-2-10. Relationship of esophageal temperature (T.s) and skin blood flow (%LDF) of mean
value for each body site (chest, back, and forearm) during cycling exercise at 50%VO,max during

mid-follicular (F) and mid-luteal (L) phase experiments. Values are means for 10 untrained (U) and 7

trained (T) women.
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Table 111-2-5. The onset of esophageal temperature (T.s) for vasodilation (Threshold T.s) and sensitivity of

the relationships between T and skin blood flow at each body site.

U group T group
F L F L
Threshold T (°C)
Chest 37.07£0.08 3742+0.07° 36.98 = 0.04 37.13 £0.08 *
Back 37.05+0.09 37.39+0.07 " 37.06 = 0.06 37.13+£0.07 *
Forearm 37.08 £0.08 37.42+0.06 " 37.05+£0.05 37.16 £ 0.05 *
Mean 37.03 £ 0.06 3740 +£0.07 ' 37.04 £ 0.04 37.16 £0.05 *
(Chest, Back, and Forearm)
Sensitivity (%/°C)
Chest 748 £ 220 242 £ 557 728 £ 291 707 £ 192 *
Back 1017 £303 417+ 68 1157 £229 1021 £ 196 *
Forearm 674 £ 128 325517 1038 £ 206 915+ 177 *
Mean 705 £ 221 238 +49F 811+ 171 650+ 161 *

(Chest, Back, and Forearm)

Values are means + SEM for 10 untrained (U) and 7 trained (T) women in mid-follicular (F) and mid-luteal
(L) phase experiments.
* Significantly different between U and T groups, p<0.05.

¥ Significantly different from mid-follicular phase of menstrual cycle, p<0.05.

U
Stephenson and Kolka 1988 Stachenfeld et al. 1999 2001

I-2 T

Convertino et al. 1980 Sawka et al. 2000 T U

Fortney et al. 1981a 1981b
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I11-3

III-1 III-2
II1-3
VO,max 50% 3
11-2 10 U
10 T
Table 111-3-1 -1 2.1. P39
-2 22. P81-82

Table 111-3-1. Physical characteristics of each group.

Variables U group T group
Age (yr) 21.0+0.2 204+0.3
Height (cm) 162.0+ 1.3 160.2 + 1.8
Mass (kg) 52.0+2.8 542+22
AD (m?) 1.50 £ 0.04 1.51+0.03
AD/Mass (cm?/kg) 290.4+7.4 280.7 5.8
MSF (mm) 14.8+ 1.1 142+0.8
%BF (%) 15.9+2.5 16.8 + 1.4
VO,max (ml/kg/min) 429+1.2 53.8+1.9%*

Values are means £ SEM for 10 untrained (U) and 10 trained (T) women. AD: body surface
area, MSF: mean skinfold thickness, %BF: percentage of body fat, VO,max: maximal oxygen
uptake.

* Significantly different between U and T groups, p<0.05.
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Table 111-3-2. The absolute exercise intensity (W) and absolute exercise intensity per

mass (W/kg) of each exercise stage.

U group T group
35%VO,max (W) 45.1+3.1 63.2+32*
(W/kg) 0.87 +0.05 1.17 £ 0.05 *
50%V0O,max (W) 73.4+3.8 98.7+4.2*
(W/kg) 1.42+0.05 1.82 + 0.06 *
65%VO,max (W) 101.6 + 4.9 1322+ 4.8 *
(W/kg) 1.97 +£0.06 2.45+0.08 *

Values are means = SEM for 10 untrained (U) and 10 trained (T) women.

* Significantly different between U and T groups, p<0.05.

2.3.
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w w 3
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Figure 111-3-1. Plasma levels of estrone, estradiol, and progesterone during mid-follicular phase

experiment in untrained (U) and trained (T) women. Values are means + SEM.
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Figure 111-3-2. Changes in heart rate (HR), mean arterial blood pressure (MAP), rectal temperature
(Tye), change in rectal temperature (AT,.), mean skin temperature (Tg), and mean body temperature (Ty)
at rest and each exercise intensity (35%, 50%, and 65%VO;max) in untrained (U) and trained (T)
women. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure 111-3-3. Changes in local skin temperature (Ty) on the chest, back, forearm, and thigh at rest

and each exercise intensity (35%, 50%, and 65%VO,max) in untrained (U) and trained (T) women.

Values are means = SEM.
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Figure 111-3-4. Changes in sweating rate (SR) on the forehead, chest, back, forearm, and thigh, and

the mean value of each body site at each exercise intensity (35%, 50%, and 65%VO,max) in untrained

(U) and trained (T) women. The SR increased significantly with the increase in exercise intensity

regardless of body site and group. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Table 111-3-3. The slopes for relationships between relative exercise

intensity and sweating rate at each body site.

U group T group
Slope ((mg/cm?min)/W)
Forehead 0.028 + 0.003 0.042 + 0.004
Chest 0.018 +£0.002 0.027 £0.003
Back 0.024 +0.004 0.035 +0.002
Forearm 0.018 £ 0.002 0.031 +0.003
Thigh 0.010 +0.001 0.017 +£0.001
Mean 0.020 +0.002 0.030 +0.002 *

(Forehead, Chest, Back, Forearm, and Thigh)

Values are means = SEM for 10 untrained (U) and 10 trained (T) women.

* Significantly different between U and T groups, p<0.05.
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Figure 111-3-5. Changes in active sweat glands (ASG) on the forehead, chest, back, forearm, and

thigh, and the mean value of each body site at each exercise intensity (35%, 50%, and 65%V0O,max) in

untrained (U) and trained (T) women. Although the ASG increased significantly with the increase in

exercise intensity in U group, it did not increase significantly from 50% to 65%VO,max in T group.

Values are means + SEM.
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Figure 111-3-6. Changes in sweat gland output (SGO) on the forehead, chest, back, forearm, and thigh,
and the mean value of each body site at each exercise intensity (35%, 50%, and 65%VO,max) in
untrained (U) and trained (T) women. The SGO increased significantly with the increase in exercise
intensity regardless of body site and group. Values are means + SEM.

* Significantly different between U and T groups, p<0.05.
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Figure I11-3-7. Changes in skin blood flow (%LDF) on the forehead, chest and forearm, and the mean
value of each body site at each exercise intensity (35%, 50%, and 65% VO,max) in untrained (U) and
trained (T) women. Values are means = SEM.

* Significantly different between U and T groups, p<0.05.
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Table I'V-1. Changes in physical characteristics from Pre or C1.

Group Pre(Cl) T1 T2 T3 (C2) D1 D2 (C3)
Age (yr) F 20.4+0.5
L 20.0+0.6
C 20.6+1.1
Height (cm) F 158.0+2.9
L 161.2+£0.2
C 161.6 £1.7
Mass (kg) F 56.9 +3.0 56.7+2.8 56.1+3.0 56.6 3.1 56.4+£3.2 56.2+3.5
L 56.1+£2.5 56.5+2.5 56.3+2.5 579+1.8 56.1 £2.6 55.6+4.2
C 545+2.7 55.8+3.0 559+3.0
AD (mz) F 1.55+0.03 1.55+0.03 1.54+0.04 1.55+0.04 1.55+0.04 1.54 £0.05
L 1.52 +£0.05 1.53 £0.05 1.52+0.04 1.56 £0.03 1.52 +£0.05 1.50 £ 0.06
C 1.53 £0.04 1.54 £ 0.05 1.54 £0.05
AD/Mass F 273.6+ 7.8 2741+ 7.4 275.8+8.3 2745+ 8.3 275.1+8.6 275.7+9.4
(cm?kg) L 272.6+47 2715+ 4.6 272.1+4.6 269.6 + 3.4 2722+43 271.8+7.7
C 281.3+6.9 277.8+17.5 2775+ 7.6
MSF (mm) F 19.2+0.8 19.4+0.5 17.5+1.0 16.0+1.3 18.3+0.8 17.5+1.1
L 202+14 20.0+1.5 19.7+1.3 19.6 £ 1.6 202+1.9 214+1.6
C 142+1.6 17.8+1.5 16.1+1.9
%BF (%) F 202+14 204+1.5 10.0£1.0 16.7£0.7 19.9+1.3 19.1+1.2
L 20.0+2.3 209+1.9 21.6+1.8 21.3+1.6 20.7+1.5 212+24
C 141+1.3 16.6+2.4 17.1+£2.1
VO,max F 344+4.1 36.8+3.6 37.8+4.0 394+46* 348+1.9 33.1+1.9
(ml/kg/min) L 33.1+13 36.7+0.7%  364+09*  387+07%*  352+05 32.1+1.6

C 35.1+£3.1 35723 333+£1.7

Values are means = SEM for follicular (F, n=3), luteal (L, n=8), and control (C, n=5) group, respectively. AD: body
surface area, MSF: mean skinfold thickness, %BF: percentage of body fat, VO,max: maximal oxygen uptake. F and L
groups carried out standard exercise test [Pre-training level (Pre), first (T1), second (T2) and third month (T3) of
menstrual cycle during training, and first (D1) and second month (D2) of menstrual cycle after training] in each
mid-follicular phase and in each mid-Iuteal phase, respectively. C group was tested at each mid-follicular phase every
2 or 3 months (C1, C2, and C3) without the training.

* Significantly different from Pre, p<0.05.
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Figure IV-1. Schematic diagram summarizing the experimental protocol and showing the subject assignments.

The training group was divided into two subgroups according to whether training was initiated during the

follicular or luteal phase of their menstrual cycle [Follicular (F) and Luteal (L) groups, respectively]. The

training group underwent endurance training for three complete menstrual cycles and de-training for two

complete menstrual cycles. Over the course of the training, the women underwent 6 standard exercise tests

(SET; Pre, T1, T2, T3, D1, and D2; arrows (1) indicate the times of the SETs). The control group did not

participate in the training program, but underwent 3 SETs during the midfollicular phase of their cycle at

intervals of 2 or 3 months (C1, C2 and C3). Pre, pre-training; T1, T2, and T3, first, second, and third menstrual

cycle during the training period; D1 and D2, first and second menstrual cycle after the training period.
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Table IV-2. The detail of physical training in each group.

Variables Group T1 T2 T3
Day of Training (days) F 183+29 127+1.5 17.0+ 1.0
L 173+1.2 156+ 1.3 13.9+0.7 "
Average HR (beats/min) F 141.1£0.6 141.6+£2.9 146.4 £ 3.8
L 143.4+22 141.8+2.3 143.2+223
TWL (g/m?/h) F 335+29 346 + 25 369 + 26
L 349 + 36 346 £ 31 280 £42

Values are means + SEM for follicular (F, n=3) and luteal (L, n=8) group, respectively. HR: heart rate,

TWL: total weight loss of training exercise. F and L groups trained for each 3 menstrual cycles; the first

(T1), second (T2) and third month (T3) of menstrual cycle during the training. Values are means (SEM).

" Significantly different between F and L groups, p<0.05.
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Figure I'V-2. Changes in female hormones from Pre or C1. Follicular (F) and luteal (L) groups carried out
a standard exercise test [Pre-training level (Pre), first (T1), second (T2) and third month (T3) of menstrual
cycle during training, and first (D1) and second month (D2) of menstrual cycle after training] in each
mid-follicular phase and in each mid-luteal phase, respectively. Control (C) group performed the standard
exercise test at each mid-follicular phase every 2 or 3 months (C1, C2, and C3) without the training. Values

are means = SEM.
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Figure TV-3. Changes in baseline heart rate (AHR), mean arterial blood pressure (AMAP), esophageal
temperature (AT,s), mean skin temperature (ATg) from Pre or Cl1. Follicular (F) and luteal (L) groups
carried out a standard exercise test [Pre-training level (Pre), first (T1), second (T2) and third month (T3) of
menstrual cycle during training, and first (D1) and second month (D2) of menstrual cycle after training] in
each mid-follicular phase and in each mid-luteal phase, respectively. Control (C) group performed the
standard exercise test at each mid-follicular phase every 2 or 3 months (C1, C2, and C3) without the
training. Values are means = SEM.

* Significantly different from Pre, p<0.05.
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Figure IV-4. Changes in the integrated sweating rate on the chest, back, forearm, thigh, and the total

integrated sweating rate of each body site (SR,;) during the standard exercise test (SET; see methods for

details). Values are the means + SEM. Abbreviations are shown as the legend for Fig. IV-1.

* p<0.05 versus Pre.

" p<0.05 versus C1.
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Figure TV-5. Changes in the mean value of threshold T and sensitivities of sweating for each body site
during the SET. T.: esophageal temperature. Abbreviations and conventions are shown as the legend for
Fig. TV-1.

*p<0.05 versus Pre.
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Table IV-3. Changes in sweating parameters from Pre or C1.

Group Pre(Cl) T1 T2 T3 (C2) D1 D2 (C3)
Threshold Tes (°C)
Chest F 3738+0.13 -025+0.03* -030+0.12  -031+0.04* 0.02+0.12 -0.05=0.08
L 3758+0.13  -0.17+0.12* -0.18+0.09* -021+0.10  -0.03+0.06  0.02=0.08
C  37.11%0.06 0.03 +0.05 -0.05 + 0.08
Back F 3737013  -024+0.04* -030+0.11  -030+0.04* 0.01£0.12 -0.02+0.10
L 3757+£0.13  -0.16+0.12* -0.17+0.09* -0.20+0.10 0.00+0.05  0.05
C  37.11+£0.06 -0.04 + 0.04 -0.07 + 0.07
Forearm F  37.38+0.13 -025+0.03* -031+0.11  -031+0.04* 0.01+0.12 0.02+0.13
L 3759+0.13  -0.15+0.12  -0.18+0.09* -028+0.10  -0.04+0.05  0.02=0.08
C  37.14+0.07 -0.05 + 0.05 -0.09 + 0.06
Thigh F 3735+£0.10 -026+0.05* -036+0.07* -029+0.04* -0.04+0.10 -0.01+0.09
L 3754+0.12 -0.16+0.12* -020+0.08* -022+0.09 -0.06+0.04  0.00=0.07
C  37.07+0.05 -0.07 + 0.04 -0.08 + 0.09
Sensitivity ((mg/cm?/min)/°C)
Chest F 0794022 0.14+0.33 0.08 =0.10 0.08+027  -0.55+0.07 -0.11+0.19
L 0.74+027 0.35+0.27 0.20+0.16 023+027  -0.06+0.19 -0.39+0.18
C 057+0.57 0.09 +0.18 0.04 = 0.08
Back F o 1.11+044 -0.08+0.03  -022+0.18  -0.12+049  -0.79+0.18 -0.38+0.29
L 0.88+0.31 10.25+0.26 0.05+0.12 0.02+0.15 0.17+021 -0.50
C  093+0.20 0.08 +0.10 -0.11+0.16
Forearm F  045+0.15 0.26 = 0.40 0.11 +0.03 0.07+023  -034+0.04 -0.12+0.08
L 0.58+0.19 0.15+0.20 0.03+0.10 0.15+0.16 0.05+0.10 -0.19+0.16
C 063+023 0.14 +0.11 -0.06 +0.12
Thigh F 120+021 0.06+0.15  -049+025 -028+0.17 -031+027 -0.27+0.40
L 1.18+0.13 0.22+0.29 -0.23+£0.17  -0.16+0.15  -0.14+026 -043+0.16
C 080=£0.11 -0.18 +0.24 0.08 = 0.17

Tes: esophageal temperature. Follicular (F) and Iuteal (L) groups carried out standard exercise test [Pre-training level

(Pre), first (T1), second (T2) and third month (T3) of menstrual cycle during training, and first (D1) and second

month (D2) of menstrual cycle after training] in each mid-follicular phase and in each mid-luteal phase, respectively.

Control (C) group was tested at each mid-follicular phase every 2 or 3 months (C1, C2, and C3) without the training.

Lack of SEM in L group at D2 was because sweating did not increase markedly from baseline in 3 women. Values are

means + SEM.

* Significantly different from Pre, p<0.05.
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Figure TV-6. Changes in the integrated cutaneous vasodilation (%LDF) on the chest, back, forearm,
and total integrated value of each body site (%LDF,;) during the standard exercise test (SET; see
methods for details). Values are the mean + SEM. Abbreviations are shown as the legend for Fig. IV-1.

* p<0.05 versus Pre.

" p<0.05 versus C1.

- 141 -



Taylor et al. 1988 Kondo et al. 1998

Smolander et al. 1991 Kondo et al. 1998

Tsk
VO,max

Okazaki et al. 2002

Thomas et al. 1999 Okazaki et al. 2002

SR

Cutaneous vasodilation
AThreshold Tes (°C)
0.1+
0.04
-0.14
-0.2-

-0.34

-0.4-

‘05 T T T T T T

C1 Cc2 C3

VO,max SET

Taylor et al. 1988

Nadel et al. 1974 Patterson et al. 2004

Ho et al. 1997

@ Fgroup
O Lgroup

A Cgroup

ASensitivity (%/°C)
300+

200+
100+

-100+
-2004

-300 T T T T T T
Pre T1 T2 T3 D1 D2
C1 Cc2 C3

Figure IV-7. Changes in the mean value of threshold T and sensitivities of cutaneous vasodilation for

each body site during the SET. T, esophageal temperature. Abbreviations and conventions are shown as

the legend for Fig. I'V-1.

*p<0.05 versus Pre.



Table TV-4. Changes in skin blood flow parameters from Pre or C1.

Group Pre (C1) T1 T2 T3 (C2) D1 D2 (C3)
Threshold Tes (°C)
Chest F 37.25+0.12 -0.15+0.08 -0.22+0.15 -0.17 £0.15 -0.05+0.11 -0.04+0.13
L 3748+0.09 -034+0.10* -0.29+£0.06* -027+0.08* 0.07+0.04 -0.18
C 37.06%0.16 -0.09 £ 0.09 -0.22+0.16
Back F 37.25+0.12 -0.15+0.08 -0.22+0.14 -0.23+£0.17 -0.05+0.11 -0.02+0.12
L 37.47£0.09 -026+0.09* -025+£0.05* -0.27+0.07* -0.01£0.06 -0.11+0.04
C 3697+0.18 0.02+0.03 -0.06 £0.11
Forearm F 3731020  -021+0.06 * -0.38+£0.08* -0.27+0.12 -0.20+0.00  -0.07 £0.09
L 37.45+£0.22 -0.29 £0.11 -022+£0.06* -029+0.06* -0.03+£0.05 -0.09+0.06
C 3698+0.18 -0.06 £ 0.02 -0.03 £0.09
Sensitivity (%/°C)
Chest F 119 £ 63 -48 £7 -43 +£48 48 £ 177 -93+£39 431 +33
L 280+ 79 57+34 186 + 89 71 +36 -139
C 214 £ 126 31+£86 =77+ 94
Back F 344 + 73 59+ 62 50 £ 63 91+34 104 £ 37 169 + 87
L 270 £59 237 +47 296 £201 -43 £ 10 161 +101 -97
C 278 £100 211 £275 =77+ 129
Forearm F 458 £ 133 129 + 94 -43 £37 -98 + 65 -146 + 38 -155+£150
L 343+ 114 138 £ 82 -6 £ 63 -90 £23 -145+28 -181 £ 15
C 199 + 109 -36 £57 25+24

Tes: esophageal temperature. Follicular (F) and luteal (L) groups carried out a standard exercise test [Pre-training level
(Pre), first (T1), second (T2) and third month (T3) of menstrual cycle during training, and first (D1) and second month
(D2) of menstrual cycle after training] in each mid-follicular phase and in each mid-luteal phase, respectively. Control
(C) group was tested at each mid-follicular phase every 2 or 3 months (C1, C2, and C3) without the training. Lack of
data or SEM in L group at D1 and D2 were because cutaneous blood flow did not increase markedly from baseline.
Values are means = SEM.

* Significantly different from Pre, p<0.05.
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Table V-1. Physical characteristics of each group.

Variables UF group TF group UM group TM group
Age (yr) 21.0£0.2 20.4+0.3 21.1+04 20.3+0.5
Height (cm) 162.0£ 1.3 160.2 + 1.8 1742+ 1.7 1712 +12
Mass (kg) 520+2.8 542422 64.3 +3.4 643 +2.1
AD (m?) 1.50 = 0.04 1.52+0.03 1.72 +£0.05 1.70 £ 0.02
AD/Mass (cm?kg)  290.4+7.4 280.7+5.8 270.9+6.9 266.4+5.5
MSF (mm) 14.8+1.1 142+0.8 95+1.7 87+1.2
%BF (%) 15.9+2.5 16.8+ 1.4 13.3+2.3 11.0+1.1
VO,max (ml/kg/min) 429+1.2 53.8+1.9* 472+14 56.6+2.2*

Values are means = SEM for 10 untrained (UF) and 10 trained (TF) women, and 9 untrained (UM) and
8 trained (TM) men. AD: body surface area, MSF: mean skinfold thickness, %BF: percentage of body
fat, VO,max: maximal oxygen uptake.

* Significantly different between untrained and trained for each sex, p<0.05.
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Table V-2. The absolute exercise intensity (W) and absolute exercise intensity per mass (W/kg) of each

exercise stage.

UF group TF group UM group TM group

35%V0O,max (W) 45.1+£3.1 63.2+32* 58.8+£2.6 70.0+0.9 *

(W/kg) 0.87+0.05 1.17 £0.05 * 0.93 £ 0.06 1.10+0.03

50%VO,max (W) 73.4+38 98.7 +4.2 * 92.8+3.1 114.4+£25*
(W/kg) 1.42+0.05 1.82+0.06 * 1.47 £ 0.07 1.79 + 0.05 *

65%VO,max (W) 101.6 £4.9 132.2+4.8* 126.2+4.3 1549+42*
(W/kg) 1.97+0.06 2.45+0.08 * 1.99 +0.08 2.41+0.06 *

Values are means = SEM for 10 untrained (UF) and 10 trained (TF) women, and 9 untrained (UM) and 8
trained (TM) men.

* Significantly different between untrained and trained for each sex, p<0.05.
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Figure V-1. Plasma levels of estrone, estradiol, and progesterone during mid-follicular phase experiment

in untrained (UF) and trained (TF) women. Values are means = SEM.
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Figure V-2. Changes in heart rate (HR), mean arterial blood pressure (MAP), rectal temperature (T),
change in rectal temperature (AT,.), mean skin temperature (Ty), and mean body temperature (T,) at
rest and each exercise intensity (35%, 50%, and 65%VO,max) in untrained (UF) and trained (TF)
women, and untrained (UM) and trained (TM) men. Values are means = SEM.

* Significantly different between UF and TF groups, p<0.05.
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Figure V-3. Changes in local skin temperature (Ty;) on the forehead, chest, back, forearm, and thigh at
rest and each exercise intensity (35%, 50%, and 65%VO,max) in untrained (UF) and trained (TF)

women, and untrained (UM) and trained (TM) men. Values are means = SEM.
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Figure V-4. Changes in sweating rate (SR) on the forehead, chest, back, forearm, and thigh, and the
mean value of each body site at each exercise intensity (35%, 50%, and 65% VO,max) in untrained
(UF) and trained (TF) women, and untrained (UM) and trained (TM) men. The SR increased
significantly with the increase in exercise intensity regardless of body site and group. Values are means
+ SEM.

* Significantly different between UF and TF groups, p<0.05.

T Significantly different between UM and TM groups, p<0.05.

- 151 -



Table V-3. The slopes for relationships between relative exercise intensity and sweating rate at each body

site.

UF group TF group UM group TM group
Slope ((mg/cm?min)/W)

Forehead 0.028 +0.003 0.042 £0.004 0.044 £ 0.005 0.080 = 0.005 *
Chest 0.018 £0.002 0.027 £ 0.003 0.028 = 0.004 0.046 + 0.002 *
Back 0.024 £0.004 0.035 £0.002 0.026 +0.004 0.048 £0.002 *
Forearm 0.018 £0.002 0.031 £0.003 0.019 +0.002 0.120 £ 0.065
Thigh 0.010 £0.001 0.017 £0.001 0.024 £ 0.013 0.019 £0.002
Mean 0.020 £ 0.002 0.030 +£0.002 *  0.026 £ 0.003 0.047 + 0.003 *'

(Forehead, Chest, Back, Forearm, and Thigh)
Values are means = SEM for 10 untrained (UF) and 10 trained (TF) women and 9 untrained (UM) and 8

trained (TM) men.

* Significantly different between untrained and trained for each sex, p<0.05.

" Significantly different between TF and TM groups, p<0.05.
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Figure V-5. Changes in active sweat glands (ASG) on the forehead, chest, back, forearm, and thigh,

and the mean value of each body site at each exercise intensity (35%, 50%, and 65%VO;max) in

untrained (UF) and trained (TF) women, and untrained (UM) and trained (TM) men. Although the ASG

increased significantly with the increase in exercise intensity in UF group, it did not increase

significantly from 50% to 65%VO,max in other groups. Values are means + SEM.
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Figure V-6. Changes in sweat gland output (SGO) on the forehead, chest, back, forearm, and thigh,
and the mean value of each body site at each exercise intensity (35%, 50%, and 65%VO;max) in
untrained (UF) and trained (TF) women, and untrained (UM) and trained (TM) men. The SGO
increased significantly with the increase in exercise intensity regardless of body site and group. Values
are means £ SEM.

* Significantly different between UF and TF groups, p<0.05.

" Significantly different between UM and TM groups, p<0.05.
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Figure V-7. Changes in skin blood flow (%LDF) on the forehead, chest and forearm, and the mean

value of each body site at each exercise intensity (35%, 50%, and 65% VO,max) in untrained (UF) and

trained (TF) women, and untrained (UM) and trained (TM) men. Values are means + SEM.

* Significantly different between UF and TF groups, p<0.05.

T Significantly different between UM and TM groups, p<0.05.

-155-



T VO,max T T

50% 65%V0O,max T T SR
U U SR 65%V0O,max U U
SR T T
SR

Buono and Sjoholm 1988

SR 50%VO,max SR Buono and
Sjoholm 1988 VS.
65%V0O,max SR
ASG SGO Sato and Sato 1983
SGO
SR

Kawahata 1960
Arakietal. 1979

SR 1

Arakietal. 1979 3 3
10 16
Zakas et al. 1994

Zakas et al. 1994

Kawahata
1960 Araki et al. 1979 Zakas et al. 1994 Wells 1999
SGO
SR ASG SGO Inoue 1996 Kondo et al.
1998 2001 35% 50%VO,max ASG

- 156 -



SGO 50% 65%VO,max SGO SR

Kondo et al. 1998 SR ASG SGO 35%
50%VO,max SR ASG SGO 50%
65%VO,max SR U ASG SGO 3 T
U SGO T U
SR Kondo et al. 1998 T
U 50%VO,max ASG U
3
ASG Araki et al.
1978 U U
%LDF
SR
6
5
10 9
U U U 6
10 8
T T T 30°C  45%RH 35%
50% 65%VO,max 20 60
SR T U
50% 65%VO,max T U SR
T 3 T U

- 157 -



- 158 -



Fig. 7

NO

-159 -

6-8



NO

Female hormone

secretion T
|
(Plasma volume l)

Thermoregulatory
center

Sweating

; Y

ee W€

X Sweat gland

] _9 1
! + [
© () + no Skin blood flow [

"Cutaneous blood vessel "

Individual difference Ambient condition Exercise or Rest
Exercise intensity Exercise position Body site etc...

Figure 7. Schematic illustrating of system for heat loss responses during passive heating and exercise in
women. Sweating and vasodilation responses are modulated by both the menstrual cycle and physical
training. Moreover the heat loss system in women is affected by many factors like individual difference,

ambient condition and exercise intensity. + : enhance, - : inhibit.
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