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The effect of biological sex difference and seasonal acclimatization on human

behavioral thermoregulation in mild hyperthermia
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Background and purpose

Human beings are facing more challenges with global warming prevailing in the
next decades. Modulating body temperature in a heat acute condition is becoming
an important issue. During acute heat exposure, thermal homeostasis was
maintained by the activation of behavioral and autonomic thermoeffectors are
essential to maintain. It has been reported autonomic and behavioral
thermoregulation work seamlessly (Schlader & Vargas, 2019). Although
autonomic thermoregulation has been studied extensively, we have limited
information about behavioral thermoregulation. As the most powerful and diverse
thermoregulatory response to modulating heat dissipation (Schlader & Vargas,
2019), behavioral thermoregulation needs further investigation.

People who are exposed to heat conditions regularly exhibit improvements in the
autonomic thermoeffector responses and behavioral thermoeffector responses that
promote heat loss during the summer compared to the winter. This is often termed
seasonal heat acclimatization, and likely occurs in response to the repeated
elevations in body temperature associated with residing in the hotter, summer
months. The typical autonomic thermoregulatory adaptations following seasonal
heat acclimatization include a higher local and whole-body sweating rate, a lower
sweat ion concentration, and a smaller rise in core temperature during passive
heating and exercise (Banjar et al., 1989; Inoue et al., 1995; Nakamura &
Okamura, 1998; Lorenzo & Minson, 2010; Lee et al., 2015; Lei et al., 2021).
However, how the behavioral thermoregulate response adapts to seasonal
acclimatization 1s unclear. Moreover, whether the sex difference we observed in
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autonomic thermoregulation still exists in behavioral thermoregulation.

Thus, the purposes of this study are below:

1) Determine the effect of voluntary electric fan use on body temperatures,
autonomic thermoeffector activation, and thermal perceptual responses during
passive heating;

2) Determine the seasonal acclimatization affects the behavioral thermoregulation;
3) Determine the sex difference affects the behavioral thermoregulation;

4) Determine the adaptation magnitude of thermal behavioral response induced by
seasonal acclimatization is the same between males and females.

Method

This study investigated the effect of sex differences and seasonal acclimatization
on behavioral thermoregulation in mild heat conditions. Twelve males and twelve
females performed passive heating for 50 min in a climatic chamber set at 27°C
and 50 % RH respectively. Every participant underwent one preliminary session
and two experiment trials in winter then repeated it in summer. In Fan trials,
participants were allowed to use the fan to keep them feel comfortable, and not
allowed in No fan trials. The time when the 1st cool seeking behavior occurred,
the cumulative times the fan was turned on, the cumulative times of pressing the
button, and the total cooling time were recorded as behavioral parameters. Heart
rate, blood pressure, Local skin temperature (calf, thigh, chest, forearm, abdominal,
and forehead), rectal temperature, local sweat rate (chest, and forearm), local skin
blood flow (forearm and chest), local skin conductance (forearm and chest), the
number of active sweat glands, the sweat output per active sweat glands,
whole-body sweat rate, and sweat ion will be continually measured. After that, the
SkBF max will be measured for 30 min. Thermal perception (thermal sensation,
thermal discomfort, and wetness) was measured every 10 min during passive
heating. The Fan and No fan trials were performed in a fixed order and the season
was repeated in a random order. It is expected that the differences in sex and
season would affect behavioral thermoregulation.

Results from this research

We could conclude the following new findings throughout this research:

1) Based on the results from study 1, we concluded that voluntary use of an
electric fan is an effective thermoregulatory behavior that can reduce skin
temperature, modify heat loss responses, and improve perceptions of thermal
sensation and wetness. Still, it did not modify the eccrine sweating from the
glandular level in this study.

2) Based on the results from study 2, we concluded that females had a stronger
desire for cool seeking behavior, and cool seeking behavior was used to a greater
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extent (i.e. more sensitivity and cooling time is longer) in the same heat condition
compared to males while the onset of thermal behavior was similar.

3) Based on the results from study 3, we concluded that seasonal acclimatization
affects behavioral thermoregulation. Specifically, cooling seeking was initiated at
a lower increment of Tre, Tsk, and Tb, and it was used to a greater extent in
summer compared to winter.

4) Based on the results from study 4, we concluded that the developed magnitude
from winter to summer of cool seeking behavior did not show the difference
between males and females. Moreover, the pilocarpine-induced sweat rate
developed a higher magnitude in males compared to females from winter to
summer during environmental heat exposure whilst the local sweat rate did not
show the difference.

General conclusion of this study

This Based on the reservations from this research, we concluded that behavioral
thermoregulation was modified by sex-related differences and seasonal
acclimatization. Specifically, thermal behavior was used to a greater extent in
females (compared to males) and summer (compared to winter). However, the
adapted magnitude by seasonal acclimatization is not different between males and
females.

(1) 3,000~6, 0007 (FFEDOLGAILL, 000~2,0005E) TEEHDH I &,



N R A i

WMXEAEO EoEE

K 4 £ =
The Effect of Biological Sex Difference and Seasonal
= B Acclimatization on Human Behavioral Thermoregulation
in Mild Hyperthermia
AW R R R & R IR AL 2 5 BB A R o0 AT B ME AR G BN IS R E TR
o B R
X W 4 K 4
o + & % Ik
# ml A& oz Eor B
gl & e 2% g iR
7%
ml A& e 2% AF B
= ; ; :
- _ Indiana University
Al & B Zachary Schlader
: He 2 Y
U 5]

A LR CIE, NOKBEFEEZESTZO OMEE, KIBHFEESICE T 505
T, FRIZ, N (BEHEE) I8V TREM B8 E N TV 51T 8% R IR F &
WA ZMEZEE ZHIELICED LI ICEBINIONEZRLNMNZLEL O
Thod. AGXESELLER I TR, FW T HEIE, XWHETDH
LE2E, HME L CTHEIE, FHMICXT 2% (F4mNSTE) , RIEO
FRE Lo T W 5.

1 Cix, EKIERALICE VR CITBICc L ERIERLTHBY, H
AKCTHBEEOE TCORTIENREQREEMEL Lo T EaHEML, A
DEEFGOEEEEZ R TS, £/, AR—VIEHIOFHR LD R
S TOIEBE SN LKL o TWE—F, MHIZHML E L KIS
iy, KABPIEW R L6 &R TofE ) EE S X B R E 1272 5 A REME A
MW, ZOZEND, KMEOKREFE RS, FIC, ITEBEEERESICET S
FFEIE, BLEICBW TR AEEZLR2->TWND I EEEML TS,

F2E T, XMMAEICEYD AOKRERFAHTOARAHZ A ZH LI LTS,
FP, RIBFGHICITAEEERERSG ETHEEREBEFAG N H 28, ATORTH
DFFEITHEA TSN, BHECBLWTEHMEZSRLE LEEHENLL, AT
DODWENENTVWDIZEERLTWD., £/, HADODE TOHFEAEETHD
NDEEESEOFRBATENXTEBEEREFAGSE L TCEXLND D, Z O
ERA+ D ThD &, EMFHOMEESTEH LN A OIT8) MK IE I &




ETEBIAPATHD L, SHIT, FHAL (E~0#IE) BRENEY®
BtEEICE-TERZZNE LI ENR TV AN EE2EHRL, N
HbabH LIZEIETIE, FMEORMN - K EZEXTWND.

FAE T, BEORREEFN HIC X 21T EERASGOFTMEBELS T 2
GO THAMICEYFERL WD, o, TR EFRESEZ5 &5
EEFHO AL v F EBEBIEMO TRICLY, BEAKEINHO Y A I 27 - 1
B GEECITEEAREBRGOFEMATETCHDLI I EE R L.

WSE T, EMFOMENFI4E CHOW T EKRERS IR ETIEE L
MEtL, &t (Jia) FEmEikRlLCIofEEz LV AHAT S L
WL L, —F, [TEMHEEERESICEET 2RMEEITED FRMEEN
RonholzZ &R LT

Fow TIX, FHINEA (E~0@s) DITEMHEEERSIC R ETTEEL KRG
L, EOZOHRERELDZENIVEALTWHDIZEHLMZL, —F, HsEL
ML EoE, THHEEFAGICEET2RAERFEIFHIE LICEEINLZ WV
e ER L. E, FEIETIHE, TEMHEEFES O FHIE/AREEICAED T
PENGFEETIPBRHNL, ZOBREICEBELEENR LW L EZHL ML L.

BETIL, ALl ko THONZH LWET A 2 Mz L (47 8% (K IR
oA FRMEE, FHIFELS X OFHIECO B LEZDOFE) | K5 o+t
S2NERESBOHREELERLTND.

KXo —HELTUTOEHRMEFING L3MARBRL TBY, L5
HEgDOERBEFMHEEZH L TV 5D.

Wang H, Lei TH, Schlader ZJ, Miindel T, Amano T, Fujii N, Nishiyasu T, Kondo
N. Effect of voluntary electric fan use on autonomic and perceptual responses to
lower leg passive heating in humans. Journal of Thermal Biology, 2023. doi:
10.1016/j.jtherbio.2023.103724.

Wang H, Schlader ZJ, Lei TH, Miindel T, Amano T, Fujii N, Nishiyasu T, Cotter
J, Kondo N. The effect of seasonal heat acclimatization on cool-seeking

behaviour during passive heat stress in young adults. Experimental Physiology,
2024. doi: 10.1113/EP091969.

Wang H, Schlader ZJ, Lei TH, Miindel T, Amano T, Fujii N, Nishiyasu T, Kondo
N. The effect of biological sex on cool seeking behavior during passive heat
stress in young adults. European Journal of Applied Physiology, 2025. doi:
10.1007/s00421-025-05702-8.

ARG CE, PP EBN TV D & WEREE TO AN OAT 8 KR E 2 R
B L TWDETHIEOERNE . 72, ZOME N EWFHMEE L T H
JELICHBEND L2 MO THLNICLEAITION T ONZERREIZ KX
SHBL, NOBRBEBEISEOHTLWVATEEZ R LEER T, ZINOLERI
KE .

PLhicky, EaRiEfELt (i) OFMNEBL2BERKRI D LRD 5.




	甲_191D821D__王会_学術_要旨
	５　学位論文審査の結果の要旨（王）

