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Effects of Wearing Two Different Types of
Clothing on Thermal Comfort during Exercise

by

Kozo Hirata, Kayako Masuda, Misao Yutani
Faculty of Home Economics, Kobe Women’s University

ABSTRACT

To investigate the effects of wearing two different forms of spo-
rtswear on physiological responses and comfort sensation during
exercise, six women were volunteered. One garment covered 94% of
the whole body surface area except for the head (EB), the other
covered 57% of the whole body (ES). The subjects repeated 5-min
moderate exercise three times with 5-min rest period in the upright
position at an ambient temperarture of 20°C and a relative humidity
of 25% or 60%. Discomfort, thermal and humidity sensations in-
creased with rising mean body temperature during exercise. These
sensations are enhanced by exercise as a non-thermal factor through
increased vasomotor and sudomotor responses,

Extremity skin temperatures, mean skin temperature, mean body
temperatue and microclimate humidity were significantly higher in
EB than in ES sportswear. Therefore, discomfort, thermal and hum-
idity sensation were significantly higher in EB than in ES,.

It is suggested that exercise per se is the factor of enhancement of
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discomfort wearing sportswear, and increasing covered area of the

body enhances discomfort in the present experimental conditions,
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AU 9, L bic 3 EloEH i idiEmL,
EE %, TEHMEZ TIRT 2EmERLE. C
o DL VTNOHARS &K CEESRET HHE
BTho7r (RT). MaEPEEITHE X 60% HE
ZHTid, ES HREIGESR 3 EOMIRVTNh
bLEHME X hAEICE, EBERBCIE 20 HHE
EBREMSRED O, IS MiEE I 25%
TBRESEM i3 ES BHINE, 60% MBI T3 EB,
ES ifitg g AR 20 43 & 30 S IRERCEmM
Ltz

KISIMEa v 57 ¥ v 23RS MR & 213 E
Bo@EnsE» oh, 3EOESHICEERL,
HER TIC R DET LA BT 60% BRES

F4 v b AR—=VREE Vol 12

#HTES & EBLWFhOBEREHETS 20 5 & 30
S OBEHRICERFHEL D EBRICE WVEERL
o, g7, HEBTW 20% BESRMAT ES HHKEC
20 53iE%s, 60% WEESHT EB FHKHCIE 20 4
& AESERICEWVEERL 7.

V—H— - ¥y 75—t d e b ORI
BOREIELTVWAZ &, IESHEESH
TWVWBUD  PIEINZORKEEREH»S 1
mm FEROFRMFHR TH 5 720, RIEHLIRID
ZEEMAAROZEE NS % Z & 13 Johnson et al
O DU—=HF— . ¥y 75— Mk & BIREAE
VFRES I 7 4 BEREXBRETRENTVLS S
DD, MERLSHBETZEBFAShIcENT



CIIOA ER A — WY ALL

x®7 B2, BEZGTCON - FEREEME2>5 278 Y A0EL (n=6)

M (4)
% &
5R 10E 15R 20E 95R 30E 45R

% B | #R B miiE (5 mV)
_— 33414 56+11 33+11 72419 49+25 6411 27+ 9
0 EB 32412 90+26 39+16 103453 65--31 128448 38+18
soorri | ES 27+ 65+10%* 30+ 4 70+10%* 31+ 4 76+15%* 95+ 4
% EB 20+ 4 53420 92+ 66+ 18" 28+ 6 119454 18+ 4

FREmiE (F#E mV)
— 19+ 2 35+ 5 19+ 1 44+ 8* 23+ 2 44+ 9* 15+ 2
° EB 24411 3612 3011 43413 21+ 2 48+13 22+ 9
soogri | ES 23+ 4 44+13 24+ 4 49+12* 95+ 5 56+14* 18+ 2
EB 27+ 7 39+ 5 24+ 3 53+ 9* 27+ 3 53+ 6* 18+ 2

ERMEa Y2 5> A (§5 mV,/mmHg)
— 0.4+0.21 0.6+0.13 0.4+0.14 0.840.21 0.6--0.29 0.740.15 0.3+0.12
6 EB 0.4+0.16 0.840.36 0.6-£0.27 1.140.65 0.9-0.44 1.340.51 0.5+0.26
— 0.4+0.04 0.7+0.09 0.340.01 0.8+0.10* 0.4+0.06 0.8-£0.15* 0.340.06
8 EB 0.2-40.05 0.640.24 0.30.05 0.7+0.18* 0.3+0.07 1.24+0.44* 0.240.04
FEMEa2 #2757 A (% mV, mmHg)

—— 0.340.03 0.4+0.06 0.340.01 0.5+0.08" 0.340.03 0.5+0.10 0.2+0.03
0 EB 0.340.14 0.340.07 0.4+0.19 0.5+0.17 0.3+0.08 0.540.11 0.3+0.13
soorH | ES 0.3+0.06 0.4+0.11 0.340.09 0.6+0.15 0.3+0.09 0.6+0.17 0.2--0.03
0 EB 0.340.09 0.40.06 0.30.05 0.6-0.09* 0.340.04 0.640.05* 0.240.03

BRIy —%— - Py 77 —MBHTHE LU fE ; %, **x X 5RO > DEEZEP<0.05, P<0.01

R L 72525 R Lk, E 1 EH



\W3%, Nilsson et al, ® c & hid, Periflux L —
H— o Fy 77—t ORARRERERED S
0.6mm TH2E|EIN TS, Fh, AHA
TR L7 ADVANCEMHD LV —H =« Fy 7
5 —MFFEtT7 7 4 /~—[6lEE#E 0.3 mm O 7o —
T TREANKEPERED»S 08mm b FLE),
VN S ERMECMKEELEREL TV b0
EBbNE, APETHE L MR, HIORE
EMMEFMFER O &EBEAREIC & D BN
L, EHRTICk0EET 22 {LER L. D
MO I RRR O EEIBRIS I & 0 49 2 BRI E N
FEOH L BEALTIIINL, REME2>52 %~
2 DML bXFFshb &1L, L LAMEN
BRDE U TV B DIIARZEBRREVWHETH 5.
CKELPIREVHESNTVAX S, EER
BEME 15 5 & BOETRIE T AR D S FREBERA~
L5 E VS EERNEOPHEERBELTBY,
AFEERE—HLRBV, 250K EIMKEDHE
Hi%%E, AKRVEOZFDIEFCHTEL TV, 1)
MEFHVEEE XD E & A E IS VEERR & Hi4E
&, 2) HEEVMEME IR R OKBRE, 3)
T F U ) VR SRR ST L O 5 O P R g
WTchs oLHic, FAMRVBEL B, &
B O R M E & B R OBIfR%E, SR
ICHRET T BB D B,

3.3 KNE-EBELEHRRE

B 3 i3 60% BEESM T EB & AR DK &
HEOKANEE, BLUKNEBEOLELERL
7o, IRINIERE 3% OEBIK T 0 30 43 % T,
g HFEOWFhofic bFREELERED SN
T, DIPIEHOKRARE T 45 SHMEDO A%
BEcHANEBRETERLE (R8). —4, &K
ABEEVWTIhOSEGTHERIC LY, FRICLE
HUt BIcmlizLdie, M {HEEbicE
Fhho b oicais LRERL, EHRIEES
DI B E R EROELSBESQ, E#%
BoEITEIE R L BEEENSGVIRE

FH4 v b ZAFE—vEE Vol 12

93—
X EL poRNBEL LR LY, SWEET
BhEL, £/, ESEHEHRFEL D EBEHREOLH
OB Do BED LRAMEEI NIz (RE). K
NEZELEBHROEDCTRT & R’REL, &
oo bRz 7. 2 [EIHOERHE TRIE 2 9
WRICH, THEHE SICBRAEIEL, Zo®kPP
TREL. 3MBEIEEE TS EF L, K
T 2571k, HETRSHRICEBKEERL, ©
O IIHR T L 72,

B4 P, BEE EeRphEoz e
AUtz 3 EOEBFIIPED S RRMIN,
TWBELGE>TWBAEN, HLWE» SN
WAHN, ThENORENHEIL, EHiLT &It
ICEBSILETR TROMEICEE 50, £EK
AP L. T OBinI3E T DL THE
ahic (R9). MEBSEMTES L0 b EBEH
BroABERICKO AN, oM XhBu
WO REE L, ORI 60% MERFOH
W Kb, HAHICRARSEZRZED S
nish-itz,

X 5 i3 HBk & RS & CIRSIERO IR R
LcbDTH 3, WTFNbERSHEEVEES 0
fo. AEBREMHTE, BEERS BEECE->TL
%] LRSS [IEHEICBV] ARNEET 5T
LI KD RREAHEST T LERL TV S, 244
TofuliRk s Bl WOk s BHRKoOR
the R ERERONX & HBIREIER 10 1R L
7B D TH - o, MHBREII PR & ER DR
Hmcid, —0.860 »5— 0974 LfDTEL (P<
0.0D, PRk & RSBEOBIRTIZ— 0.667 25—
0.840 D#ifHic b -7z (P< 0.01). AREREHT
OYPLERII BRI X DEKFLTVE T &
I L 7z,

Ful & EAHP I 2SR & SRR & O
KEEGHEBEYNS 5 & 2HE L, BRSO
T, FRCRFRGEREIECT 5 EESRIARE
e, Ehftchs L ERLEL. ABEOR 4



90 — FRREIR R 20°C
BTN 60%
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1 (91)

3 R « HEHROAANR « EEZEAL
20°C, 60% Z&f+T EB HEHEFDFHIELSE (n=6)

R L IRBROZELR, FHEEECEBED
ZALTEFIATE LW,
RARKIGESPE L LR L, BTRIEeH
ICTFMELTB D, FEREROZE IHBER
LTW3, AELKTHOKREROFT, FEHHK
HAEREFT BRI T 3o 6 AL R RE(E
RL, &5iT, v—H— Fy 75 —[MifEHick
3 B R & IUE ORIED 5B U 7B
AVET I VvATE, HOLICKMEIMEDILRAS

REN. INLOENERET 5L, EHBALS
i & O IREIRS O ABUEIMNE DITRAEZ b, K
T & B RIIREEZ A AP OARRRE S EA U,
BT 5. —%, ORI TIEEE
RIME TS 245, Fih» 5 OfFHS2FRBRIC
ROEETH 0, TIKTHEA S WIFER
HEFGIC L D 25 E L TEI WA OEFEHE
TEODOELMESNDG., HHID2AR—v I =7
O, PREICX D EBPORBEAKECE

FH v b ZAR—vEE Vol 12



STTOA ERA —sY | 4 f L

R8 Rz, WEWETORY - H¥HAKNE - BEOEL (h=6)

BOm ()
% # _
5R 10E 15R 20E 25R 30E 45R
8 | wm KAEE (J5°C)
95%RH ES 32.0%0.65 32.1+0.67 32.0+0.68 32.4%0.67 32.0%0.78 32.2+0.78 31.0+1.01
° EB 32.2+0.65 32.2+0.62 32.3%+0.63 32.4%+0.69 32.2+0.77 31.9+0.89 30.6+1.09
60%RH ES 32.140.41 32.1+0.39 32.1+0.36 32.2%0.41 32.040.48 32.1%£0.56 30.6£0.87
o EB 32.0£0.23 32.0%0.24 31.9+0.24 32.1£0.26 31.7£0.59 31.8+0.67 30.94+0.67
KAGHE (FE°C)
259 RH ES 31.9%0.53 32.0%0.50 32.0+0.49 32.24+0.53 31.9+0.59 31.9%0.69 30.3+0.90
° EB 32.4+0.29 32.4+0.33 32.5%0.35 32.5£0.40 32.2+0.39 31.8+£0.47 30.5+0.43**
609%RH ES 31.6%£0.25 31.6X£0.24 31.84£0.18 32.0+0.23 31.7x£0.24 31.5+£0.32 30.2%0.52*
° EB 31.9+0.18 31.94+0.24 31.94+0.17 32.0£0.27 31.9+0.27 31.6x0.32 30.4+0.50*
KA (F55%)
25%RH ES 21.2+0.82 21.1+0.78 21.3+0.62 45.5+11.30* 53.1+ 9.43** 67.8%+6.45** | 51.2%+10.76*
EB 21.2+0.63 25.5+4.86 37.4+8.06% 62.0+ 7.88** | 66.6x10.01** 69.1E7.51*" ] 58.5411.97%*
60%RH ES 40.7+0.46%| 40.4%0.55%4 51.0%+4.17XA 66.31+6.66%* 70.3£7.39** 80.94£3.17** 69.6+7.58**
i EB 40.8+0.86%2| 47.0+7.332 53.5+7.99 70.7+7.88** 72.8+7.93** 81.1+4.31** 12.49.51*
KRBE (H%)
95%RH ES 19.14+1.21 19.0+1.53 19.7+1.47 42.3+9.63* 49,3+10.49* 65.5+9.27** | 47.0%+10.93*
° EB 18.8+1.16 24.9£7.04 45.9+10.51% 70.1+4.17F* | 70.4% 9.29** 79.1+£3.59** | 67.5%£12.39**
60%RH ES 36.5+1.6042 39.74+3.9544 49.2+4.53X, 66.1+4.17** 68.3+7.09** T7.114.43** 68.21+8.14**
"Y1 EB | 36.5£0.49%%| 43.947.01 | 56.048.25% | 75.4+5.53%*| 75.5£7.81** | 85.4+2.41** | 77.6+8.87**

*, *% %3 5ROME» S OFEEP<0.05, P<0.01; +, ++IZEBXESORIOFEEP<0.05, P<0.01; A, AAX25% L60%DEIOEEE
P<0.05 P<0.01.; FfficfdBL -85 R : %LHe, E @R



iy bR 20C
IR 60%
- 3 -
1=
=
2,
1 -4
E
b

T e s s
T T 1
1 5 10 15 20 25 30 35 40 15
W (5))

B4 buolR BEE ESRORISEL
20°C, 60% Z&fFT EBEHEHAKOVEHEESE (n=6)
, kkREHED S DFEZE P<0.05, P<0.01

INBT LT B,

EERICEALT, =HoPREEDIMTERR
54f0€—5—-%2FHLT, TEEEZTE-
7o & 2 DOLKRAKG R EPBERROBERZEZRET L
Fo. WINOKIREARKRS - 08405 — 090 &

EVHFEBI IR S h, PB4 ARARNIK

DEROKZXZEHLTVS, KXok s
IR OB BRD TEh » 12 DI, ThETH

TH5HDTH 3,
BEROMIAKABED ERICL 5T &R,
B 6 1o/R L 72 i AR L & R O B R A 543
%, i OMRE RS ERER O & AEBRE
BRI RLIED TH 5.

s X OFREKANBEOHE ST Th —
0.885 ~— 0.958 & — 0.883 ~— 0.943 £ D TH
WHHBEGRE T H - 7o, (KEERMHOF, RSO

FH4 v b 2 HE—VFEEE Vol 12



SITOA Ffd —sy { A 4L

®9 R sWiR, BELEETCOWRER, EHE BHSR h=6)

B M )
&
5R 10E 15R 20E 25R 30E 45R

W B | R R #E R
25%RH ES 1.2+0.18 1.3+0.23 1.2+0.18 1.5+0.24 1.5+0.24 2.0+0.28* 1.3+0.23
° EB 1.2+0.18 1.5+0.24 1.2+0.18 2.2+0.18:* 2,2+0,18%* 2.5+0.37* 1.7+0.37
609%RH ES 1.3+0.19 1.3+0.23 1.2+0.18 2.2+0.23* 1.7+0.27 2.6+0.22** 1.5+0.24
° EB 1.2+0.18 1.6%+0.22 1.5+0.24 2.5+0.24** 2.24+0.18** 3.4+0.223* 1.9+0.30

B &
25%RH ES 4.2+0.82 3.8+0.77 4.2+0.82 3.7£0.46 3.81+0.66 3.0£0.28 3.7+0.46
? EB 4.710.46 4.5+0.55 4.4%0.41 2,7£0.23** 3.2+0.34* 2.5£0.37** 3.0%0.37
60%RH ES 4.7+0.46 4.2+0.34 4.3+0.46 3.2+0.34* 3.5+0.24* 2.3£0,23+* 3.8+0.34
? EB 4.7%+0.46 4.1+0.22 3.8+0.18 2.7+0.23** 2.8+0.18%* 1.6%0.36** 3.5+0.20*

R
250 RH ES 6.5+0.47 5.2%0.34 5.81+0.52 3.0+0.40** 4.3+£0.54* 2.810.34** 5.56£0.73
EB 5.240.52 3.8£0.18%, 3.7+0.23% 2.3+0.37** 3.0+0.28** 2.210.44** 4.7+0.46
60%RH ES 6.5£0.79 4.41+0.41* 4.8+0.39 2.7£0.23** 4.0+0.40** 2.2%£0.18** 5.8%0.80
? EB 5.0£0.63 3.3£0.48 3.6+0.36% 1.84+0.34%* 3.0+£0.32* 1.3+0.23%* 5.1£0.83

FR{IREL 72508 R &k, E: &y, %, * *x Z5ROELSDEEZEP<0.05, P<0.01; +, ++REBEESOROFEREZEP<0.05,

P<0.01
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- BRBEIRE 20C
. BNRE 25%

P

M5 thERLEER () SPERERBR () OHEBERG
I3 EfE (n=6)

R0 PR L BERS L UHER LIRS BROEIRSITR
THEREMR | BERME | HRERME B 4 E FEBIER#K P
was [mn | B | Tomee | | o
s [ | B | roreoen | om | oo
v | | B |V | o | G
we (oo | B | orwn | o | o0

BV EROEXICERNSASN, EBXD
ES HHIIcEL Ko7, —F4, 60% BELHT
IR, I E b ICER O X 1 I3RS D&
Wk ZZERBBEINT, BEEUTH- .
REBEOEWICLY, HEOWHZXNRELSZD
Z, FE—&KNEBETOEHESRESEERL
TW3, BUSEEMENE X3, KNEBEH LR

LTHEMREZEL TRIENKDELSBHT S
b, HEHOARICELBVWIERLTWS, D
ER» S, EHERERABEDATIREL, B
DR & KNEEOZGEEIC L » THHESh
BLLEERLTVEHDEEZ SN B,

B 7 1 3B O KAI/KERSUE & AR OBk
AR U BlEEE Lo KRKBRED LR

74 v b RAR—YEFE Vol. 12



90 g 20°C
1 Zsie 252 /
80 o
= 70 @ % %
X
B 60 'Ye)
. g® S
X OO / : OEB |
5.% 40 =~ OO/.§ ’___._F__Sfl .....
r
30 = » /
[ ]
20 ~ o° Bee®
10 =
90 = IR 60% /@/ e
89" ®
80 =
s %w
—~ 70 S o
NS '/"’ o)
B 60 o"\'é
]
Z 50 y ,%3%
)
5 40 gl
= 30 ~ / E
20 -
10 T | T ] 1
6 5 4 3 2 1
i ) e
BI6 Wik & FEHANEE OMHBGR
B TFEME (n=6)
F11 BER L KNBE O ERBIHTHR
PEBRL B RG AR B fF B & FHEAfREL P
ES Y=-—42.83X+201.78 —0.885 <0.01
0,
b 25%RH EB Y=-20.87X+122.80 —0.957 <0.01
A
ES Y=-—19.05X+131.66 —0.896 <0.01
%R
BIJRE EB Y=-14.05X+108.56 —0.958 <0.01
259%RH ES Y=-—41.98X+195.38 —0.890 <0.01
o EB Y=-24.71X+141.41 —0.940 <0.01
bl ES | Y=-17.99X+126.10 0.883 <0.01
o R i - - N - -
Bgp L EB Y=-16.98X+119.62 —0.943 <0.01

F4 v b RFE— ¥ Vol 12



307y mmEE 20%

RIEILIE 25%

25 -

20

KMARZERAE (mmHg)
L

...
10 = /
e &
5 -
0 i [ ] T T T L
33.9 34.0 34.1 34.2 34.3 34.4 34.5 34.6
SRR (C)
BU7 SEEEE LA kESE OBR
20°C, 25% Z&ft, fHIZFEHEE (n=6)
F12 FHHIE & KNKEREOBRSTE
HEEA | BERYG | #REHE B &/E & THBY A%k P
ES Y=61.7X—-2085.2 0.862 <0.01
Q,
257 RH - EB Y=49.4X—1680.0 0.471 <0.01
e ES Y=42.4X—1431.9 0.840 <0.01
0 S - - - - -
GO RH EB Y=41.0X—1398.2 0.680 <0.01
ES Y=55.5X—1875.5 0.852 <0.01
[4)
i 25%RH EB Y=64.2X—2190.5 0.513 <0.01
ES Y=40.2X—1357.9 0.845 <0.01
0,
60%RH EB Y=44.4X—1516.9 0.620 <0.01

i3, EEEBREO ERICE > THEL 2 HTRO
Wimck3b0TH3. ES, EBEHEL bICIE
OFBIAIR L7z, Wi ORMEREER T EIREROR
EHBRSER 12 1R L, W oRERH,
HWARSEHET S, EB « VW IThOIITH - T
bEBRSHEEASED S EREROESICR
ZHEL, VThOKIRE K URBEEHTD, 3
RO & 2 KAKETIED EAREMELSL

TEEFRO EF B L TR 3 L FZ 50,
KAKEKERE MO 72 % O MEFEAE 13, EB
& ES OABE, -z, ESEHFKFIBVTNR
DEMTH 338C TH-7h, EBEAETIR
25% IRESMT THRERDEA, 34.0°C TH - -1t
BR2T3HICTH-7. TLIEBLDSES %
HHT 25, MUBEREBHT s &iciiy, M
BRI IME T T 3 A RERICIIEE AL

FH4 v b ZAR—=vEE Vol 12



FELBOVEVWIHEDIDIELERTH S
EEZ oS, PBEREER DZEALHMAER AR
BICIREAEHELVWT LU EHENDDS
TIBRELTEY, AHFBERIIINER[T 5
bDOTH5. S OIFFHMICEHET 5 &, EIERIC
HARBIREIIITIE - 7o EBh B AKNEE O RS
REL, B AKoMmEEoE LWL
BEESN: (B3, B4). Th b bidES
B OFTENITET S EICLVESFEHDTH
5.

B IC B 5 B R FEH RGO R i B
L., EBBGETD S EEFTOH 5 X 5 LR
T, 15~ 2MLARICRTFROMMTE &
HEIND, ThFEFTIFIFHEHRHRINT
ETVEHY, REERT OS5 RBEENTH D,
HEHEBAIGIC & & 725 M c KO Y, %
FEB W O RBARERF O L 5 &S
BHMBFENTH B, Bl ST L EHEAEZEIC
ZALS B HEREITIEV, FROHERERLTY
5. 2% b, EBBGIC L 755 IFRBERFO
BiGic &k b, FETEMSTUE LEBRSENT 5 C
LB, TORR, AHESETEMREH
5

TR EREL S & PUBEHRES & o (R B B AR
EBOE, BEADORE-Y Y =T L& OBRITYLUEY
DEEBKRTTH S0, 5H%E SICHERLTRET
BETH 5.

4. £ &£

1) REEGERALT 6 ZEWREE L, HEm
MOBRLB 22X —v v =7 (WEEK % : EB,
WHEER 57%: ES) &M L, BRIER 20°C, 5%
1B 25%, F721E60% OVWTFNLOKHET, 5
SO BEEE T VT 2 — 488 3@, 540
KEZ I & ARIRANCITE - 12

2) EHc Ly, KNEBED EFICHAIL TR
TR L, PHEME O ER & o EImE

FTH Y 2AR-YFE Vol 12

PLARIC & DITVRRRRDEE L 7o, IREWIRHUE D
BRI, BRSBTS U rohs, AEERS
Ho BRI & 0 R L7

3) BEETAE, BRI, Bkl RE
ERUG & FTRIBE A L CIERBWERF o &%
BT AT EAHBAL, A R—v Y 27 LHRE
WEEZL5 LT, BECHETHZ T HRES
.

4) EHLAR—Y 9 = 7 OB IO
&y, MBEEROREER, SRR, SFEKR
BIXUKNEEIIZES XY EBTaWEERL
fo. T OFER, ROR, Bl AU EB 0
WES XD FRICEL o1,

5) BREEEE OB ZERR, AR cBig
ah, VWIFnb EBRHET60% BEEDH 26%
BEXOE, -1, /1, KNEEIR EB, ES4t
12 60% RHFDHH 25% L b BEICE D - 7205,
W b B BRI R IEELR
2RO%

BT, BRI L TORREW o RERE
FHOEAGK, MEET, TAXKE SRHT,
MEET, WMETORRITOLL» 5 RBHL
T, AHEEZTT ALY L—F— Fy 7
5 — [t 2t 5 WV BEIRER, WO
T Ry 2gASi, £, PBIREROYD
OMBARE A D - 1-MEEA AAEET Y
¥ b AR — v REERBFEICO X D RBHEL £
7.
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